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Abstract 

The plant communities in a series of 15 oxbow lakes cut 
off by the Pembina River in central Alberta were examined 
to determine their successional sequence and productivity. 
These oxbows can be characterized as hard water lakes: 
DHS .4-8 S54 cOtal alkalanity .90-170 ppm CaCO... total hardness 
70 -165,.ppm, GaCO;,, conductivity ca. 300 ~wmhos, and 20-30 ppm 
sulfate. Their sediments are predominantly clay loams or 
elayvoe plus Some silty andygsandysclay.loams with a basic. pu 
(7.4-7.8) which reflects the limestone parent material from 
which they originated, as does their base exchange capacity 


++ 


ey Meo. Na’, and K™ Vater nom soe 254-10, .0.4, ‘ands0'.5- 
2.0 meq/100 g of sediment respectively). 

Water chemistry and water level fluctuations caused 
by periodic flooding are the major tactors controlling plant 
distribution. and succession. 

Eleven communities were recognized as a result of 
cluster and fa¢gtor analyses carried out on the phytosociol- 
Ogical data: three submerged (Potamogeton pectinatus, mixed 
submerged, and Potamogeton pectinatus-Ceratophyllum demersum) ; 
two floating leaved (Potamogeton natans and Nuphar vartegatum) ; 
four emergent (Equtsetum fluviatale, Eleocharis palustris, 
Alisma plantago-aquatica, and Typha latifolia); and three 
meadow (Carex-Acorus calamus, Carex-Bryotd, and Acorus 
ecalamus-Sonchus ultginosus). 

The successional sequence in these oxbows follows one 
basic pattern: Potamogeton pectinatus, P. zostertformis, P. 
richardsonit, and Correa demersum>+Potamogeton 
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peetinatus*Nuphar vartegatum or Potamogeton natans+Equisetum 
fluviatale, Typha latifolta or Alisma plantago-aquattca and 
Eleocharis palustrts>Carex meadows*Saliz« shrub>Saltiz forest+ 
Populus balsamifera. 

The maximum above ground standing crop of communities 
follows a definite pattern with succession: from submerged 
(ea. 200 g/m*), through floating leaved (ea. 2201/7 ne Vyeitowthe 
emergent community (ea. 465 g/m*) there is a stepwise increase 
in annual production, which declines in the meadow community 
(ea S255 07m a 

Leaf area index does not change with succession: it 
remains between 3 and 4 in all the stages examined. Chloro- 
phyll follows a pattern similar to standing crop, except 
that submerged communities contain more chlorophyll than 
floating leaved: submerged (240-916 mg/m*), floating leaved 
(293-797 mg/m*), emergents (622-2,127 mg/m?), and meadow 
ese Woune/me jE 

The differences in standing crop, and by extension 
productivity, of these communites with succession appears 
to be the result of a combination of factors: differences 
in, dieht intensity perates: of COo diffusion, nutrient avarl- 
ability are responsible for the major differences between 
aquatic and semi-aquatic communities. Productivity is 
also a function ofthe height and: structure of the plant 


community. 
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Introduction 

Lindeman (1942) in his classic paper on ''The trophic 
dynamic aspect of ecology" tentatively outlined the changes 
that occur during succession in the annual production of 
eommuna tuesii cher suggesiteds thatt there wsmlanr increases in 
annual production until a lake becomes senescent. With 
senescence there occurs a marked decline in annual production, 
but subsequent terrestial communities increase in annual 
production with a levelling off or slight reduction at 
climaxire Evidence’ collectedi by Penfound: (1956) ag? especially 
Westlake (1963, 1965), suggests that such a pattern does 
exist in succession. Westlake postulates that there is a 
steady rise in annual production in aquatic and semi-aquatic 
Stages, up to and including the emergent community, at which 
point the annual production drops significantly. 

The data which Westlake (1963, 1965) presents to illust- 
rate this pattern have, by necessity, been taken from studies 
done at a variety of. sites. The only study which includes 
aquatic, emergent, and meadow communities published to date, 
Braye 6 0) ecard sata, show ithe: pattern: inher presentistudy 
was undertaken to test Westiake's hypothesis. 

A series of oxbow lakes was selected for this investi- 
gationwesince! oxbows ,. because of their) identical oripin, 
have a similar basin morphometry ; and since located in the 
same area, they should be subject to very similar environmental 
conditions. Besides a uniformity of conditions, oxbow lakes 
offer several other distinct advantages for this type of 


successional study. They are generally very shallow lakes in 
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which aquatic macrophytes are the dominant vegetation due to 
the virtual elimination of algae through competition (Westlake 
Ifo5)je) ihvs greatly simplifies sampling since. algae can be 
ignored without introducing a significant error. Oxbows 
allow a replication of samples from a number of lakes insuring 
a more representative sampling. It is also possible to deter- 
mine the actual sequence of: succession by examining oxbows of 
different ages, rather than presuming that zonation reflects 
SUCCESSION. 

Three. basic types of data were gathered in the oxbows: 
floristic data to allow comparisons between communities and 
to establish the successional sequence; physical and chemical 
data to insure that these oxbows were similar in more than 
just basin morphometry, and to follow changes in the oxbows 
that occur as a result of succession; and productivity data 
in the form of standing crop harvests, three times during the 
growing season, plus chlorophyll and leaf area index measure- 
ments. Chlorophyli and leaf area measurements were taken 
to assess their role in determining the changes which occur 
in annual production with succession, since both of these 
parameters appear to play a prominent role in controlling 
community production (Aruga and Mcnsi 1963). 
Nomenclature in this study follows Moss (1959) for 

all vascular species and Bird (1963, 1968) for all: bryophytes. 
Voucher specimens are deposited in the University of Alberta 


Herbarium. 
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Descripcion of Study Area 

Ts election and Location Of Study: Area 

In the summer of 1968, using aerial photographs and 
maps, a series of rivers was located along which there were 
cConcentratbons or oxbow Takes, This was followed by a stirface 
Trecommarssance €@ determine feasilibity. All areas except 
the Pembina River valley in central Alberta between Barrhead 
and Jarvie were eliminated for logistic reasons. The 
Pembina River valley was chosen because of: (1) a large 
GCOncentration .of oxbows, within 4 relatively short distance 
(more than 30 oxbows in less than 30 km); (2) a number. of 
recently created artificial oxbows, resulting from a. river 
Stralentening scheme of the Alberta Water Resources Division; 
and (3) ready accessibility to the area (only 75 km from 
Edmonton). The only drawback of this area, over most of the 
others considered, is disturbance-by man. Most’ of-the area 
1s under cultivation or used for erazine livestock. 

The geooraphic. location of =the Study area 1s shown in 
Fig.l.) ine terms o1- the Alberta: Land survey. this area 1s 
in townships 59 through 63 and ranges 27 east and 1 and 2 
west OL “the fiith meridian, or between parallels of latitude 
SAe eet and. 54° 25) sand loneitude 113° (55 and: la ies 

The Pembina River has its origins in the foothills region 
of the Cordillera’ east of Jasper. It flows approximately 
north-west, and later north, until it joins the Athabasca 
River morth-west, ot Flatbush. | Im 1tS Upper course, the 
Pembina has a rather steep gradient, but in its middle and 


lower courses, a rather shallow gradient. The oxbow 


2 


“55° oan ge 20 moitno0d bap ae 


bae efqargotorq Isires gitev « gaet to renmue ome I 


. TeET a 

srew stents dotdw goles bezsool 2aw eTevit to eoiree 8 cod 
[23 
eortiue 6 Yd bowollot esw sitT .2odat wodxo to sno itsrtm92n02 
| ae 


tqsoxe 2nets ILA vtidif{iesst onimrarsb oF agons22eisanolet 


aD 
beedyiss meswtsd striediA istime> at yolisy tevin snidmed he 


edT .enoeset >itefgol 104 botentmite stew oivist bas , 
sa puar ¢ 
aegis s (1) ‘to eeuBoed mozom>s e8W yollsv tevin snidmed . 


soass2ib grofe yloviisist & atdtiw ewodxo te moisstimneano2 . 
so rodmum ps (S) zim 0f med? seal ni ewodxo Of msds orom) 
qavit B& moT? gaisiivesct ~2wodxo fatotiis1s betsesto (itmeoe% 
-notatvid esotuoe#ed tos#N strsdiA eit to smedse gainesiig kets 
mot? mi eS vino) sets ot oF yeilidie2es98 a (f) bas 
aft 0 s20m Tevo .BeTs eidt to foadwetb yino oAT . (no t.10 mb a 
nets edt to teoM asm vd sonpdtuseib et ,betebiamos ered3o 
‘Sooteovil yatsstg: rot bees to nottevitiuo rebnay ei 
nt mwode 2k sets ybute efs io ndoitsool oirgqetgoeg odT _ 
et sors 2idt .yovree basi stredia eft to emtes aI «ft ait 
¢ bos [ bus tess ‘S 2egnst bas to figuo tis Ge eqidenwo? f nt 4 
sbusrts{ to elolisteq neewisd to ,asibiriom dstit of3 20 te0W 
~’Sf °RIL bas ‘ee "Gas ebutignol bas '@S *be bas 1B obe 
noigot eflidtoot of? ni attgixe ast esd revi sntdmet ofiT 
ywlotsmixotqgs ewolt iI .teqesl to s2bs \sroitibro2 | pres 0 ie 


soesdentA ods entot ti Litny ,dtton tesst bas ‘ouaeee iv 


OVvGRTS : 
eft ,setuon teqqu eti nl .deuwdselt to $eow-ds708 vi: 


bas ofbbim et ai sud .tnoibarg qeese terlgst 2 end said 


wodxo sAfT .stnmotbstg wollisde rentet 5 , 262° 


‘ 


Sa Pes) wee 


ety a LS 


cab € Lex? 


nae 


.BS1s “bute sit to qaM 


2 = 


XS 97" | 
| & - 
ye 


FREEQCW 


4 19 


| 


aes mm PGSEISO LOA WESTLOCK ; 
a 


*\enocH \ 


\ 


4 


1 


Ramah s: the Map of the study area. 


N 


PIBROCH 


ROSSINGTON Weor) oc 


| Sets 
FREEDOM GH 270% 14 
WBARRHEAD , | 
& 
p 
Men R. | 
) 
7 54° 0 
114°00' 


8:56 


ae 
he: oars “yy, Gna | 
he <_ mogasAy 


1 Ge. OAIHRAAS @ 


mM *uoTIeJUOWTpPSasS Aq UT POT[TTF useq sey UTSeq 9Yy} FO YIed YUPDTFIUSTS e& FT PTO pue (exe UTSeG 
SUIEIOEG7*) UCU Ssoz) WIseq ou? FO JAEd.IUCDTFLUSAS Le ULApPOPLT, JOU sey MOTI USUTpSs Gr 
(*2UT) OJETPOWL9ZUT 9q 02 PTeS ST MOGXO 3Y2 FO 98e OY SUMOUY YOU ST o8e TeN{De 9Y} SL9YM , 

(Tewrou saoqe “WwW Q°’S UeYyy STOW) L92eM YSTY ATTeuOTId9dxXe Butinp ATUO SPpOOTF - ¢ 
(TeULOW SAOCE °U O°Se - S° TH TOATI UO g1SOIEM YSTY suUTinp SpOOTy “sez 
TouueYyD ISATI 02 ATIIIAITP p9zZO9UUOD [TIS MOGXO - [ :aTBdS 
*SUOTJEAIOSGO nZ28 ut sntd 
“8961 SUTINp UsyxeI sMOGXO 9Yy2 FO sydexrsojJOYd Tetzse FO so,VeWTISS TeNSTA UO Poseq eb 1eG 
"69061 ‘vz ABW UO TOAST 197eM UO peseq syuizdoeq 
“(y) *SUTWOTUs Te11S2190NTI SO SINseil 2 (Ny Pei bers ST Tern ten 


PIO Z -- -- 00T vey, 8°0 N or 
"sid fy i S -- S6 0°? 8°0 V vt 
* Gl heh I O¢ -- OL Sa 0 V oy) 

et Z Ov -- 09 Tee S*T N a 
“SLA COT I 02 -- 08 Osa c "0 V ca 

Pto ¢ 0S -- 0S O'T S°0 N OT 

ne Gr z St S 0S at i eT N 6 

ut Z OT -- 06 ee: fceant N 8 

UT M4 O¢ -- 09 fais aa N wy: 

ral Z OL -- O¢ Saee 8° N 9 

aA UE Z Ov -- 09 00°F 8°0 N S 
“SIA wil | i OS == OS O°; ‘ae V v 
gaye: Z 09 OT O¢ ore QZ N ¢ 

PIO ¢ OT S S8 sas 6 OF E N Z 
LASS T 02 O¢ OS Or z Daa V 3 

) (ur) (uw) 

ANVT ONIGOOTA OL LSHYOA ONIZVUD Cans aNS) HLddd HLddd NISV UAGWAN 

en0 A0V oe, VL) The tad ons -aSN GNV1T CaHSYSLVM WAWIXVN z39VYSAV ,AO NIDIYO MOdXO 


“Saye T mMoqxo 


petpnys ATOSATSUSJUT U99LFTF OY AOF 9SN pueyT poysi19zem pue AIZOWoOYdIOW UTSeq 9YeT ‘T eTGeL 


(Lamy 
(tnt) ossitbomtesni ad 6t bise zi wodxo oft to sgs oft vawomdt ton 21, 996 Isutos sd stodW 


it = 


levienstni meettit eds to? sew bast bedevetsw bas yrtem 
_ .29Ael. wodxo 


“yTIITSI TIVE €q2U GMAl GaHesaTAW 
VIGOOJA OT TeadOd OKISAKD | .TIUD 


.(A) gainstdgistte revit to tivee1 ;(“4) batsero yilstudsv 
-eaer . AS vsM no Lovel 1etsw so bsesd antgqed 
~80CL enirub nexsi 2wodxo sdi to edqsrgotodq Isitss to zotsmises Isuerv fo bsasd stsd 
_emoissyreedo site nt auig 
Lonnsndo isvit ot ¢itoe1tib betoennoa [litte wodxo - I :sisse 

(f'smion syods .m 0.€ - ¢.5) 1svit no T9350 dgtd gaitub ehoolt - & 

ff evods .m 0.t neds stom) 1955W fgid vifsnoittqsoxs gairub ino eboofi - & 


eS.0 mens 2eef) niesd sf to Ix5q t¢osoitingie s mi belliz jon esd noitstnomebs2 ti 
mibse yd ni boliiit aged zsean ntesd sft to tr1sq tnsottingre s if Bio bas (sets miesd . 


I Os 0€ 02 0.5 o.f A f 
E Of 2 23 es 0.f ui ¢ 
§ 08 of Hz 2.€ 0.8 “ é 
i 02 -- 02 o,f Ook A b 
¢ as -- 08 0.5 8.9 “ 2. 
S or -- o& 2.$ 8.1 “ 3 
g 0% -- 08 g.,.£ eit vi > 
s Of -- oe 8.1 c.f v 8 © 
g 2b 2 fe 8. f ee nv e 
E Oe -- Oe 0.1 2.0 v or 
J OS -- 08 0.£ 2.0 A= is 
§ Qh = 2 00 0, Cae uv Sf 
I 0é -- ay avs 2.0 A oad 
[ 2 -- 20 0.4 8.0 A AL 
§ == -- oor Sif 8,0 Vi ef: 


Sy 


concentration studied is in the lower course of the Pembina, 
where it flows through a broad alluvial plain(Green and Lay- 
cock 1967), deposited by periodic flooding of the Pembina 
and its tributary, the Paddle River. 

Of the more than 30 oxbows in the region, only 15 were 
finally chosen for intensive investigation. These 15 oxbows 
are grouped into three clusters, each Seager oxbows of 
aevyavietywotvagess includingratsgleast.onei newly,created, 
These clusters were located west of Dapp (4 oxbows), west of 
Pibroch (7 oxbows), and along Highway 18 between Rossington 
and Freedom (4 oxbows) (Fig. 1). 

Most of the remaining oxbows were briefly examined 
late in August 1969, as was a certain area along the river 
itself, to enable comparison with the oxbows studied 
intensively. 

A preliminary survey was made of each oxbow studied 
intensively, during late May 1969, to gather some basic 
information on the morphometry of the lakes, and the land 
useyin: and. around.each, lake basins. The: results. of, the, survey 
arcig¢veneinriabide 1. 

II. Geology, Soils and Vegetation 

The study area lies in the plain's region of Alberta, 
which is an undulating plateau. varying in, elevation, from 
about,1100 m in: the-south-westito about 250 m in; the, north, 
with a regional slope toward the east. From Barrhead to 
Jarvie the elevation of the plateau is about 625 m. The 
bedrock which makes up this plateau is primarily composed 


of sandstones and shales from the Upper Cretaceous (Stelck 
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1967). During Pleistocene, the area was. covered by glaciers 
probably originating in the Precambrian shield, which, when 
they; fetreaced (ca. 11, 000GB4P.. (Bryson: et af. .1969}), Lett 
a coating of glacial till and superglacial or periglacial 
lacustrine materials over central Aiberta (Green and Laycock 
1969 and Gravenor and Bayrock 1961). 

The Pembina winds its way through these morainic 
deposits which, in the western parts of the Province, are 
Cordilleran in origin and contain a high quantity of lime- 
stone. The deposits through which the Pembina flows today 
are mainly alluvial sediments picked up by the river in its 
upper courses and deposited downstream. Much of the material 
isivery basic, reflecting 2ts western mrigin, 

Soils of the area, surrounding the Pembina River valley 
in the Barrhead-Westlock region, belong to two orders: 
chernozemic (mollisols) and luvisolic (alfisols), with a 
scattering of regosols’ (entisols) and organic soils (histo- 
sols). In two recéntly completed, but unpublished soil 
surveys of the study. region, the soils in the Pembina River 
valley are treated as a complex whose principal soils are 
the High Prairie series, a combination of gleyed dark grey 
and black chernozems (aquic boralfic argiborolis and aquic 
argiborolls), and Codner. series, an orthic humic. gieysol 
(haplaquoll). Ali these have developed on alluvial parent 
material (Wymuk Lindsay and Odynsky 1969 and Kjearsgaard 
and Peters 1969). 

The soils of the region reflect aspen forest (Populus 


tremuloides) which until recently covered the area. The 
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dark grey soils are degrading chernozems (borolls) originally 
formed under grassland, but invaded by aspen, while the 
luvisols t@boralfs) are forest soils developed under aspen. 
The study area is in the transition zone between aspen park- 
land and boreal forest (Bird and Bird 1967, Moss 1955) and 
consequently white spruce (Picea glauca), along with the 
aspen, is fairly common in the region. 7 

118. Macroclimate 

Albemta has a continental tclimate witheloney cold 
winters and short cool summers. According to Koeppen's 
Classtiteation (DE) the ep laams region ofeAlbentaais ein 
a cool temperate zone. This is divided into two subzones: 
the short, cool summer zone, and the long, cool summer zone, 
having a mean temperature over 10°C. for more than four 
months. The study region is in the latter zone (Longley 1967). 

Temperature, precipitation, and presumably hours of 
sunshine (data only available from one station) are fairly 
uniform over central Alberta, mainly due to the lack of any 
topographic relief in the area. This is reflected in the 
long term normals for five weather stations surrounding the 
study region (see Tables 2 and 3). Generally the monthly 
Hodis, (Ormtie LivesStations are Withine CG, of each other. 
The mean daily temperature in the region rises above freezing 
in April (ea. 3.5°) to a high: of 16.5° in July, gnd drops to 
4.0° by October. The number of frost-free days is between 
100 and 120 days (late May to early September). Precipitation 
over the region is generally between 450 and 500 mm per year. 


The greater part of this precipitation falls as rain during 
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June, July and August, 75 mm, 85 mm, and 70 mm respectively 
(see Table 4) compared with 20-25 mm per month forvtheirest 
of the year (Longley 1967). 

The year of the study, 1969, was climatically unusual in 
two respects. First, the winter was. the coldest ever recorded 
in the area (January temperature 11°C. below normal), but 
summer temperatures were very close to normal. Second, rain- 
fall distribution was abnormal: June, normally the second 
wettest month, was abnormally dry (25 mm of rain approx.), 
while August was exceptionally wet (ca. 100 mm of rain); 
(see Table 4 for more detail). 

Sunshine was also more abundant in 1969. During the 
growing season (May to August) there was an increase of 
11-20% in the hours of sunlight, over the long term normals 
(Table 5). This amounts to 215-230 hours: of bright sunshine, 
which is equivalent to 15-18 days of the growing season. 

This undoubtedly chadca significant effect ron -the *neteplant 
production of the region. 

The increase in the hours. of bright sunlight in July 
and August, accompanied by normal or above normal amounts of 
precipitation, reflects the fact that most of the precipita- 
tion during these months seems to be the result of two 
storms, one in mid-July and the other in early: August. 

These storms caused a considerable amount of oxbow flooding 
along the Pembina River. 

IV. Oxbow Formation 

Meandering is a characteristic of mature rivers which 


have a load so adjusted that the river is not always depositing 
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DG, 
material, but is alternately cutting and filling its valley. 


Slight irregularities in the course of a river traversing 
its flood plain are slowly transformed into meanders by the 
deposition of sediment along the inside curve and the 
cutting away of the bank on the outside. 

During the stages of high water in spring or after heavy 
rains, the stream cuts across the neck of the meander spur 
and in this way shortens its course. The arc. of the meander 
thus abandoned is called an oxbow lake (Lobeck 1939). 

The oxbow gradually becomes more separated from the 
parent river by the deposition of sediments in the channels 
which at first connect the lake to the river. In time, these 
connections are obliterated leaving low-lying depressions 
between the oxbow and the parent river. These depressions are 
channels through which flood waters are carried to old oxbows 
during periods of high water, causing periodic flooding. 

The morphology of oxbow lake basins reflects: their 
genesis. The deepest portion of the lakes are generally 
along the outer curves where the river was actively cutting 
before. the meander was cut off. Generally the outer bank is 
much steeper than the inner; consequently, submerged and 
emergent communities tend to get started along the inner 
curves of old oxbows, where there are good deposits of sediment 
and large areas of shallow water. 

Although oxbows are traditionally called lakes, very few 
meet the normal criteria used in delimiting lakes (Penfound 
1953). The Pembina River oxbows, because of their size 


(rarely more than 50-75 m in width) and shallow basins 
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(Table 1), like most oxbows, might more correctly be called 
ponds (Réid 1961). However, for the sake of tradition and 


convenience they will be referred to as lakes throughout. 
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18. 
Methods 


I, Plant Communities 

The word community as used in this study is a portion of 
the landscape '"'characterized by certain species which are 
inconspicuous or unrepresented in other communities" (Dauben- 
mire 1968). Although the study dealt only with plant 
communities, the word community alone will be used through- 
out as a matter of convenience. 

For a community to be considered for inclusion in this 
study, it had to meet three sampling criteria: 

(1) the community had to be dominated by natural 

herbaceous vegetation; 

(2) the community, or at least large portions of it, 

had to be undisturbed, or at least appear undis- 
turbed, by man or. domestic animals; 

(3) the community had to physically cover at least 

half. the length of the oxbow lake in the zone or 
band in which it was’ found (ca. 0.5 ha or more). 

The second criterion did not eliminate exbow communities 
in which small fenced off areas were used as watering places 
for domestic animals. 

Four basic community types were recognized during this 

study: submerged, floating leaved, emergent, and meadow. 
The first three types of communities are designated after 
Penfound (1953) and Sculthorpe (1967); the fourth after 
Moss (1955). 

Structure and floristic composition of the communities 


were examined using a series of square quadrats regularly 
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distributed along a baseline. These quadrats were at least 


partially randomized by choosing the location of the first 
quadrat randomly, and were undoubtedly almost completely 
randomized while sampling submergent and floating leaved 
communities from a small boat. Since the aquatic and. semi- 
aquatic communities examined during the study showed no 
internal periodicity in the distribution of component 
species, the samples gathered using systematically placed 
quadrats should be unbiased and amenable to standard bio- 
metric techniques (Daubenmire 1968). 

Each community studied was. sampled, if possible, three 
times throughout the growing season. These three sampling 
series (designated series I, II, and III) were carried out 
during the months of June, July and August, respectively. 

While quadrat size varied directly with the size of the 
dominant species in a community, only three sizes were employ- 
ed: 

(1) 0.16 m* (40x40. cm) was used for all submerged and 
and the floating leaved communities dominated by 
Potamogeton natans, 

(2) '0.25 m* (50x50 cm) was. used. for some emergent 
communities (dominated by Eleocharis palustris 
and Equisetum fluviatale) and all meadow 
communities ; 

(3) 1.0 m* (100x100 cm) was used on emergent commun- 
ities (Typha latifolia and Altsma plantago- 
aquatica) and the floating leaved communities 


dominated by Nuphar vartregatum. 
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Table 6. Cover abundance scale used to estimate species cover. 


Sr tecmmmecnrreroemesnemermerseemeee neers eee rere ee 


SYMBOL PERCENTAGE CLASS MIDPOINT 
I present only 0.01% 
R rare 0.1% 
= uncommon | 0.5% 

1 1-5% 3% 
2 5-15% 10% 
3 15-25% 20% 
4 25-50% D169 
5 50-75% 67 oe6 
6 75-95% | 85% 
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Table 7. Phenological and reproductive scales. 


SYMBOL PHENOLOGICAL STATE 
B leaf buds or herbaceous root’ visibly swollen 
and green 


FOL leaves green and of mature size except at 
. Shoot: tips, etc. 


YEL leaves yellow or brown but attached and liv- 
ing; not dry/brittle 


MOT leaves mottled green/yelliow/brown; population 
becoming dormant 


DOR leaves shed.as litter in deciduous, dry/ 
brittle or non-deciduous dormant plants; 
shoot growth complete and winter buds formed 


REPRODUCTIVE STATE 


Bei floral buds visibly swollen or partly expanded 
bUL Not receptive 


FL flowers present; stamens and pistil or spor- 
angia ripe 


FR fruits present in varying stages of maturity 
re: seeds 


i) sterile; no spore or seed-bearing structures 
present blank 
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In each quadrat examined, each species' cover was 
estimated (using the scale outlined in Table 6)plus its pheno- 
logy and reproductive status (using the scales outlined in 
Table 7), and its prevailing height. In the case of sub- 
mergent and floating leaved communities, visual estimates 
made from the boat were supplemented or corrected by harvest- 
ing the whole quadrat. 

In meadow and emergent communities, a baseline was 
established using landscape features as reference points 
within a representative and homogeneous area. If possible, a 
physical baseline was laid down using a steel tape. Quadrats 
were placed along the baseline at 1.5 m intervals on alter- 
nate sides of the line. The initial quadrat. was positioned 
by choosing a random number from i to 10, and placing the 
upper right hand corner of the quadrat at that position along 
the line. Where it was not possible to lay out a physical 
baseline, the quadrats were positioned along an imaginary 
baseline, spaced five paces apart (3-4.5 m). 

The number of quadrats established varied with the 
sampling series. During series I, five quadrats were gener- 
ally used; in series IJ: and III this was ‘increased. to 20, 
except for one stand dominated by Typha latifolta were only 
15 were sampled. 

Floating leaved and submergent communities were sampled 
from a boat using an imaginary baseline in an area which 
superficially appeared to be homogeneows. Quadrats were 
established approximately five oarstrokes (4-5 m) apart, and 


consisted of two types: (1) a pair of poles, 2.5 m long, 
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Chained a fixed distance apart (40 cm) and pushed into the 
substrate, from which a square quadrat was estimated visually, 
and (2) for larger quadrats (1 m*), four poles were used as 
the corners of the quadrat. In series I, generally five 
quadrats were established, while in series II and III 12 to 
15 were sampled. 

In addition to these communities studied intensively, 
in late August about 15 more oxbows were examined briefly, 
plus some stretches of the Pembina River in the study area. 
These cursory. examinations. consisted of a description of each 
community in the oxbow or river, its species composition, 
cover estimates and the average height of all species. 

Tit Plant-Production 

There were three types of measurements made in order to 
characterize the above substrate standing crop of the various 
communities studied: harvests of aboveground standing crop; 
chlorophyll extractions; and leaf area index determinations. 

The standing crop harvests were made three times during 
the growing season in conjunction with the community sampling 
outlined above. 

The number of quadrats harvested for standing crop 
varied with the sampling series: during series I five 
samples were normally harvested, while during series II and 
III 12 samples were harvested. 

Ali the aboveground portions of the species which 
broke through the substrate inside the quadrats were harvest- 
ed. After removal of all dead or inanimate material, the 


sample was placed in a polyethylene bag in which a number of 
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holes had been made. The wet weights were determined 


gravimetrically when the samples were "drip dry". The 
samples were air dried as soon as possible after harvesting 
Gaanslwto 4 sdays). 

During a prolonged wet period (Series I) it was 
difficult to dry samples dominated by Nuphar vartegatum. 
However, drying occurred before a significant loss of 
material had occurred. 

All standing crop samples were oven dried at 80° C. in 
a forced draught oven for 24 hr. and weighed. 

In all meadow and emergent communities in Series I, 
all quadrats used for community data were harvested. During 
Series II and III every third quadrat was. not harvested. 

The standing crop was harvested by clipping plants to within 
about 1-2 cm of the substrate. 

Quadrats in communities dominated by Wuphar vartegatum 
were harvested using a good quality, long handled pair of 
grass clippers. 

The remaining submerged communities were harvested 
using a method adapted from Swindale and Curtis (1957). A 
dandelion rake with a wire net attached between the blade 
and the middle of the handle was dragged between two poles 
a fixed distance apart (40 cm). Since the blade of the 
rake was exactly 40 cm wide, this denuded a square of 0.16 
m2. After a little practice, this method worked very well 
in the predominantly soft sediments on which these commun- 
ities toccurred. 


Standing crop sampies harvested during Series III were 
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25 
each randomly subsampled for chlorophyll déterminations. 


This subsample (100-200 g) was cut into very small pieces 
and mixed. From this mixture a second subsample of five 
grams was randomly selected. This second subsample was 
placed in a Mason jar, covered with aluminum foil, contain= 
ing 100 ml of 80% acetone. These jars were stored in 
coolers packed with ice for up to four days before the 
chlorophyll extraction was completed. 

Chlorophyll was extracted using a Waring blender. The 
Solution was gravity filtered, diluted to a known volume, 
and the amount of chlorophyll a and b present determined 
using a Unicam SP 600 spectrophotometer at 645 and 663 um. 
The actual chlorophyll. concentrations were calculated on a 
per liter basis, using a formula developed by Arnon (1949): 

CL +p Sf 20act Xe ODeasy tH 6 Se 0Lsxy ODEs 3% 

Leaf area index for most of the communities sampled 
during series II was determined using a Leaf Area Meter 
developed by Dr. George Woodwell, of the U.S. Atomic. Energy 
Commission's Brookhaven National Laboratory. 

The Leaf Area Meter is basically a combination of a 
light source and a light sensitive photomultiplier tube. 

An opaque object placed between the light source and light 
sensitive sensor blocks out some of the light getting to the 
sensor. A drop in light intensity is reflected in a drop 

in the potential produced in the sensor circuits (measured 

in millivolts) when compared with the potential from an 
unobstructed light source. The relationship between the area 


of opaque material blocking the light source and the drop in 
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potential is linear (or at least nearly so) and is given by 


the following equation: 

¥VSOR0 245X8+.50 
where X = area of opaque material in cm* and Y = number of 
millivolts. 

The leaf area in cm? for a subsample is found by placing 
it on a glass plate between the light source and sensor, and 
reading the millivolt scale; then the subsample is weighed 
immediately. The leaf area for the community may then be 
easily found, since the wet weight of the total sample is 
known. 

Three standing crop samples coilected from a community 
were each subsampled ten times. These ten subsamples were 
systematically chosen so that a balanced representation of the 
different types of plant structures present in the community 
were present in the samples. This insured a more accurate 
measure of leaf area, than a similar number of random samples 
(Greig-Smith 1964, Daubenmire 1968). 

Ll’ Physacal Meastirements 

In July, four $soil.samples were collected, for each 
community. These samples were regularly spaced along the 
baseline, and were obtained using either a bucket auger or, 
in deep water, an ‘Ekman dredge. Only surface (5-10cm) 
samples were collected. 

After the dried samples were mechanically crushed and 
passed through a 2 mm sieve, the Bouyoucos hydrometer method 
(Bouyoucos 1951) was used to determine the percentage sand, 


silt. and clay. There was one significant modification of 
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the procedure; the samples were shaken for two to three 


hours and left to stand overnight before analysis. 


The concentrations of Na’, a: 


; Gai’, and Mg” were 
determined using atomic absorption spectrophotometric methods 
on 1N ammonium acetate leachates of each soil sample. The 
method used is outlined in a publication of the Alberta Soil 
Survey and Department of Soil Science, University of Alberta, 
called Soil Laboratory Analysis: Scil Science 421. 

Water samples were collected each time an oxbow was 
sampled, in a one iiter polyethylene bottle. These samples 
were analysed the same day using a Hach Water Analysis Kit 
(DR-EL Engineer's Laboratory). The following were regularly 
analysed: hardness (carbonate, bicarbonate and total), alka- 
linity (calcium and magnesium), pH, sulphate, and turbidity 
of the water. 

A Beckman RB3 Solu Bridge was used to determine the 
conductivity of the water samples collected from each oxbow 
on May 24, 1969. 

A water level gauge (staff gauge), consisting of a 
board, was placed in each oxbow studied on May 24, 1969. 

The water levels in all the oxbows on that date were arbit- 
rarily assigned a value of zero, and all subsequent water 
levels were expressed in terms of this arbitrary reference 
point. 

IV. Computational Methods 

Three types of analyses were performed on the community 
data gathered during the study: ordinations, principal 


component factor analysis, and cluster analysis. 
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Any quantitative or semi-quantitative measure of the 


species' abundance in a community can be used as a basis for 
comparing a species among communities or the communities 
themselves. A prominence index was chosen as the best 
measure of a species! importance in a community. This 

index is a composite index and accounts for both a species' 
cover and frequency (number of quadrats, out of the botal. 


in which it was found). This prominence index has been 


employed by several other workers (see Stringer 
iS) 5) 
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1969). 


where p = prominence value, C = cover percentage, F = freq- 
uency as per cent. Cover class values were changed to per- 
eentapes by using the midpoints of ~the cover classes (see 
Tabdec6.)-% 

Since most of the communities were sampled more than 
once, a composite species list was constructed using the 
data gathered during the various sampling series. The 
species in this composite list for each community were assign- 
ed the highest prominence value that the species had at 
any time during the summer; this was done to try to overcome 
the problem of underestimating the importance of short-lived 
species which might have been important contributors to the 
community early in the spring, but which had disappeared by 
late summer. For computational ease, and to eliminate a 
very siiallanumber ot-incidental species. (l-2 at most) sa 
prominence value of at least 0.5 (out of a possible 1,000), 
which was rounded off to one, was required for inclusion of 


a species in the composite community lists. These prominence 
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values in the composite species lists form the basis of 


all subsequent .computations. 

The indices of similarity and dissimilarity (l-index of 
Similarity), which were used in the construction of ordin- 
ations and in the cluster analysis were calculated using 
Sorensen's index of similarity (Bray and Curtis 1957, Beals 


1960, Greig-Smith 1964): 


ii 


where a the sum of the prominence values of the first 
community being compared, 
b = the sum of the prominence values of the second 
community being compared with the first, 
and w = the lesser of the sums of the two sets of 
prominence values in common between the two 
communities. 

These indices of similarity (and dissimilarity) were 
calculated using a computer program developed by Ream at 
the University of Wisconsin (Ream 1962) and modified slightly 
by John Purchase, Roger Hnatiuk, and the author (see Hnatiuk 
1969 for the major changes). 

These programs were run on the IBM System 360/67 
computer, University of Alberta. 

Ordinations were constructed using two methods: (1) the 
now classic method of Bray and Curtis (1957) as modified 
by Beals (1960), and (2) the more recently proposed method 
by Orloci (1966). The indices of dissimilarity used were 


those calculated above using Sorensen's basic equation. 
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50. 

Cluster analysis is a method by which, given a set of 
points located in a space by their relative proximities 
(similarities), subsets of these points can be found which 
are sufficiently isolated from other Subse tss 150° that they 
could be recognized as discrete clusters if visualized. 

This method was originally developed by numerical taxono- 
mists, but can be readily applied to the classification of 
plant communities (see Hnatiuk 1969, Stringer 1969). This 
method is of particular interest when compared with ordin- 
ation techniques, since the underlying assumptions are 
diametrically opposed, for the ordination presupposes a 
continuous, the cluster analysis a discrete, non-continous 
pattern of distribution (Lambert and Dale 1964). 

The basic cluster: analysis program used: is that of 
Carmichael (1966); see also George and Carmichael (1966) 
and George (1966). This program was adapted by Roger 
Hnatiuk (1969) to use sorted indices of similarity caicul- 
ated using Ream's program (see above). 

A principal component factor analysis program developed 
by the Educational Research Services of the University of 
Alberta was used to analyse the community data (Educational 
Research Services 1968). The type of factor analysis carried 
out on the data is usually called Q-factor analysis and is 
capable of discerning patterns of profile similarity between 
the communities. This means that communities with profile 
Similarity, ¢.é. similar species composition, can be readily 
identified and grouped together (see Rummel 1967 and Fruchter 


1954). 
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Results 


I, Classification of Communities 

Three techniques were used to group or classify the 
communities on the basis of their species composition: 
factor analysis (Table 8), cluster analysis (Table 9), and 
an association table (Table 10). All three techniques 
yielded almost identical groupings. 

Factor analysis and the association table (see Methods) 
gave identical community groupings, which seem to be deter- 
mined exclusively by the dominant species in each community 
(see Tables 8 and 10). The factor analysis however, has 
certain advantages over the association table; the factor 
analysis uses more information, gives a num_grical measure 
(factor loading) of the similarity of the communities to a 
certain factor pattern (group), and clearly shows links 
between other factors in the case of a. community which has 
species found in more than one community type. 

Cluster analysis (Carmichael 1966) differs from the 
other two methods primarily in the placement of several 
submerged communities. These communities do not have a 
single dominant species, and are similar in composition to 
the submerged "understory" of the Nuphar vartegatum 
dominated floating leaved communities (cluster 2, Table 
9). This group of submerged communities (oxbows 1, 3 and 
12) forms a satellite of:cluster Z. The Typha latifolia 
community in oxbow #10 and the Carex-Bryorvd community in 
oxbow #5 are satellites of cluster 4, the Fquisetum fluvtiat- 


ale dominated communities, again primarily because of the 
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Table 10. Association Table.  Dominant.species in the communities studied are 


36 - 
represented by their prominance values. 
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37. 
Similarity of subdominants. Both are recognized as.distinct 


community types in the factor analysis and association table 
(gee Fables, 8,.9...and+10},, 

On the basis of the classification techniques used, 
eleven different types of communities can be discerned: 
three submerged (Potamogeton pectinatus, mixed submerged, 
and Potamogeton pecttinatus-Ceratophyllum demersum); two 
floating leaved (Nuphar variegatum, Potamogeton natans) ; 
four emergent (Equisetum fluviatale, Eleocharis palustris, 
Typha lattfolia, and Alisma plantago-aquatica); and three 
meadow (Carex-Acorus calamus, Carex-Bryotd, and Acorus 
calamus-Sonchus uliginosus) . 

A particular community from here on will be named by 
its dominant species and the oxbow number in which the 
community was located, e.g., Potamogeton pectinatus #2, 
except for the mixed submerged communities which will be 
referred to as "mixed submerged". 

ii. Ordination 

Ordinations were constructed using two different methods 
(Oosloca #1966, and, Bray» and Curtis, 1957) in, an,attenpt- to 
visually represent the relationships between the communities 
studied. The ordination results were very disappointing. 
The ordination accounting for \the, greatest amount.o0f,varia- 
Dality ansthe, dissimidaraty MNatrixeisspresented in, fig. 2. 

A comparison between 50 randomly chosen dissimilarities in 
the calculated matrix and their corresponding linear 
distances in the ordination revealed that about 25% of the 


variability is accounted for in the ordination (See Appendix E). 
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The four basic types of communities studied tend to 
OVetilap gue'the Center of the ordination diapram (Fie, 2). 
This overlap appears to be the result of mathematical dis- 
COrtion antroduced by projecting a, multidimensional cluster 
of poadnts into two dimensions. This drstortion is aceravated 
by the low level of similarity between the communities studied. 
The average similarity between the stands is only 0.14 out 
Of a possible 1.0, and 179 of the 465 samilarities in the 
half-matrix of similarities are 0.00 indicating complete 
dissimilarity. 

Attempts to add more dimensions (axes) to the ordination 
did little or nothing to improve the ordinations (see Hnatiuk 
1969 for a discussion of similar problems encountered 
CONStYUCcting Ordinations). 

Ill. Description of-Community Types 

Every community examined intensively is represented 
in Table 11 under its appropriate community type as deter- 
mined by the factor analysis and association table results, 
This table contains a list of all species showing an average 
cover of more than 0.5% in the community, as averaged over 
the summer, plus information on the height, reproduction, 
and phenology of each species. 

One group of species has been omitted Era) bao Carlie 
small, floating, non-rooted species like Lemna minor, 

Lemna trisulea, and Sptrodella polyrhiaa. These species 
were never an intrinsic. part: of any of the communities, 
and their presence or absence depended primarily on the 


prevailing winds. When present they may have tocal coven 
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Figure 2. 


Ordination of the Pembina River. oxbow plant 


communities. 


V SUBMERGED 


m@ FLOATING LEAVED 


O EMERGENT 


V MEADOW 


- ‘ay 


9 iy SRE 
° ; a 


ty ‘ j AY ; 
Rigs ee um to Vee Gee aa piast 
7 : a) a8 : ' 4 - 


f ’ yj : ; . | 5 ; yom 


i on 
: 


40. 
values approaching 60-70%, but in general rarely above 


1-5%. In oxbow #10 Spirodella polyrhiza and Lemna trisulca 
form the only community in the open water. This oxbow is 
very shallow (0.3 m) and does not support any other submerged 
or floating leaved conimunities 

An examination of the species! diversity in the communi- 
ties studied, in terms of the total number of species encount- 
ered during a particular sampling, indicates that there is 
an increase in species diversity in passing from the submerged 
to the floating leaved, and the emergent communities (4-5, 7, 
and 13-14 species respectively), followed by a slight decrease 
in the meadow communities (12-13 species). The emergent zone 
appears: to have more species than these other zones, because 
it has species from both the submerged communities, in. 
deeper sections of.the zone, and in the shallower areas some 
of. the meadow species. 

Later stages in succession examined superficially during 
late August 1969 revealed that communities dominated by 
young. Salix spp. (1-3.m high), with an understory of sedges 
and grasses, have about 40 species, while Salix forest 
communities (10-12 m high) which have a very dense canopy, 
have about 30-35 species. Populus balsamtfera forests in 
old. oxbow lake basins have a.very sparse understory and 
appear to have only 20-25 species. 

A. Submerged 

There were three types of submerged communities sampled, 

as outlined previously. All three are generally found in the 


open. water zone varying in depth between 1.25 and 2.0 m. 
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Water more than 2.0 m in depth rarely supported any plant 
growth. Secchi disc readings in the lakes, taken on clear 
days with minimum turbidity, are generally around 2.0-2.5 m 
midi cating that light isethe Wimiting’faétérein planrendits 
tribution at these depths. 

Submerged communities are generally composed of only 
one layer of plants extending from the substrate to the 
surface of the water. Dominant species in these communities 
show the same basic growth form, a long, narrow, flexouséstem 
with a concentration of finely dissected or linear leaves in 
the upper portions of the stem. In late summer the stems are 
often found floating parallel to the surface. Ranunculus 
etretnatus often grows out from the shore of the oxbow along 
the surface of the water supported by this tangle of sub- 
merged vegetation. The cover of these communities is gen- 
erally very high (frequently 100%) and with the additional 
growth of Ranuneulus ctreinatus, very dense, almost impenet- 
rable submerged communities are often found, e.g., in oxbow 
a 

Potamogeton pectinatus is the dominant species in most 
of the submerged communities (6 out of 10) with a cover eipr, 
75-95% (Table 11). Subordinate species include* Potamogeton 
richardsonit, Potamogeton zostertformis, Ceratophyllum 
demersum and Myriophyllum eualbescens, scattered about in 
fairly random clumps, rarely having a cover of more than 1%. 
Ranuneulus eireinatus, as already mentioned, sometimes grows 
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The mixed submerged community has three dominants: 
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47. 
Potamogeton richardsonit, Potamogeton zosteriformis and 
Myrtophyllum exalbescens. These three, along with several 
subordinate species, grow in open communities (total cover 
may be only 30-40%). The! oxbows in which these communities 
drelround’ (7195'S, and®12)* ave#subyeet™teeflovdines “The 
Same species are also frequently encountered in quiet 
stretches in the Pembina River. 

Potamogeton pecttnatus and Ceratophyllum demersum 
are the codominants in the submerged community in oxbow #5. 
This is a very dense community and resembles the Potamogeton 
peectinatus type described above, except that Ceratophyllum 
demersum is the dominant (cover 40-50%) along with Potamo- 
geton (cover ea. 10%). Ranunculus cetretnatus was also fairly 
abundant in’ this* community (cover ea. 10-15%). 

Height of the species in these submerged communities 
varied directly with the depth of the water, with short, 
stout plants found in shallow water, while thin, flexous 
plants are found in deeper water. This community type was 
the first to die back, generally around mid-August. 

Be Fleating Léaved 

Floating leaved communities are composed of two layers. 
A tall dominant whose leaves float on the surface of the 
water forms the upper layer. The lower or submerged layer 
is composed of submergent species, @.g., Potamogeton richard- 
sontt, P. peetinatus, and Myrtophyllum exalbescens. This 
community is found around the outer periphery of the sub- 
merged community and ends at the beginning of the emergent 


community, or shore line, if no emergent community “1s present 
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48. 
in water 1.0-1.5 m deep. 


Nuphar varitegatum is the most common dominant of 
floating leaved communities with a cover of 50-75%. These 
plants develop from a thick rhizome growing along the surface 
Ofetheysubstrate,«fromiwhich,»ariselelusters.o1,leaves e.These 
leaf:clusters may cover 2-4 m? and are fairly regularly 
spaced. This regular spacing creates open areas among the 
clusters, in which submerged plants grow luxuriantly. The 
leaf petioles in Nuphar vartegatum are generally slightly 
longer than the prevailing water depth (1.5-2.0 m and 1.0- 

J Jom ,respectively). 

The "understory' vegetation consists primarily of 
Potamogeton pectinatus, P. sostertiformts, P. rtehardsonit 
and Ceratophyllum demersum (Table 11). 

The second type of floating leaved community is 
dominated by Potamogeton natans. This plant has much smaller 
leaves than Nuphar vartegatum (8-9 cm in length compared to 
20-25 cm), but) has a higher cover value than Nuphar vartega- 
tum in communities which it dominates (75-95%), since 
plants of Potamogeton natans are able to grow closer to- 
gether. The average height of P. natans was La2saniwaael 
was slightly greater than the prevailing water depth. 

The submerged species in this floating leaved community 
were very sparse, and consisted mainly of Potamogeton 
pectinatus, P. zostertformtis and Ceratophyllum demersum 
(Lab Lesa) s 

C. Emergent 


Emergent communities grow along the water's edge from 
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a depth of 0.5 m to the end of the permanently waterlogged 
soil. These communities are generally composed of three 
layers! “*iresupper) solo mn ern height, is composed primar- 
ily of the dominant species in the COMMUN TPty, “te... Typna 
latifolia, Equisetum fluviatale, Alisma plantago-aquatica, 
or Eleocharts palustris, and a few subordinate species, 
@.g., Glycerta grandis, Seirpus valtdus, Stum suave, and 
Phalaris arundinacea (Talbe 11). Some of these latter 
species may appear as 'emergents' projecting above the 
general level of the upper layer, especially Glyceria 
grandis and Setrpus validus. The middle layer, 0.25-0.5 m 
iy height, 1s ‘composed primarily ‘of “herbs “and Werasses-: 
Bidens ecernua, Mentha arvensis, Stachys palustrts, Poa 
palustrts, Polyganum cocctneum, Stellarta longipes, and 
Galltum.triftdum. This layer is best developed in areas 
where there is no permanent standing water, only periodic 
inundation. The lower layer consists of bryoids growing 
along the substratum, primarily species of Leptodictyum, 
Mntum, and Marechantia polymorpha. This layer varies greatly 
in its extent, sometimes abundant (cover 25-30%), and in 
Other ‘lakes almost lacking (ea. 1% cover)" The-amount of 
bryoid. ‘cover seems to be’ inversely related to the amount of 
water fluctuation in the lake. Emergent communities in 
oxbows frequently flooded have much lower bryoid cover than 
do communities in stable oxbows, e.g., Equisetum fluvtatale 
community in oxbow #5 compared with the Equisetum fluvtatale 
community in oxbow #8 (see Table Lie erotics fits ct Cane, 
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matter in emergent communities. Often the litter has a 
cover of 60-703. 

Equtisetum fluvratale is one of the common dominants in 
emergent communities. These communities are very dense 
(cover 40-60%) and they may have very well developed middle 
and lower layers in areas free of standing water. Equtsetum 
pluvratalte is about 1 m in, height, but is Sano C om being 
blown down because of its rather weak stems. Spores are 
produced in the spring (May and June). 

The most common subdominants in the middle layer are 
Bidens cernua, Gallium trifidum, Stum suave, and Poa 
palustrts. Other species commonly found in Equisetum 
fluvtatalte dominated communities include Beeckmannia 2yz2i- 
gachne, Lemna minor, L. trtsulea, Sptrodella polyrhiza, 
Spargantum chlorocarpum and S. eurycarpum (Table 11). 

The second most common emergent community is dominated 
by Eleocharis palustrts. These are more open communities 
than those dominated by Equisetum fluviatale with a cover in 
Eleoeharts communities of only 5-15%, but they are much 
richer in species. The grass, Beckmannia zyatgachne, is also 
very characteristic of the upper layer and in one oxbow (#2) 
is as common as Eleocharis palustris. The dominant species 
in the middle layer are Sagittaria cuneata, Mentha arvensts, 
and Alisma plantago-aquatica (Table 11). Glycerta grandis, 
Poa palustris, Polyganum natans, P. coectneum, Potamogeton 
pectinatus and Sium suave are also characteristic members of 


this type.of community. There is generally no bryoid cover 


Ofaany note (lable 11). 
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The emergent community in oxbow #10 is dominated by 
Typha ltattfolta (cover 15-25%) which grows to a height of 
about 1.5 m in the main body of the community, but to a4 
height of 2.0 m or more along the water's edge. Unlike 
previous communities, Typha latifolia grows in Organic” 5611 
underlain by permafrost, or an ice Tense, at 2. dept) oF 
about. 1m. These plants did not flower, shag si: for a few 
along the outer edge, near the water. 

The middle layer is again composed of Bidens cernua 
and Gallium trifidum, with Carex atherodes and Acorus 
calamus also present sporadically in open areas. 

The bryoid layer is composed chiefly of Marechantia 
polymorpha. Carex retrorsa, Scutellaria galericulata, 
Utricularia vulgarts and Htppurts vulgaris were also 
present (Table 11). 

Alisma plantago-aquattca dominated communities are 
found in deeper water than other emergent communities 
(0.3-1.0 m). These are also the densest emergent communit- 
ies and have the fewest species (7 or 8 compared to 25-30 
in many other emergent communities (Table 11)). While in the 
majority of emergent species most of the plant is above 
water level, most of Altsma plantago-aquatica is below 
water level, with only the tops of the petioles and leaf 
blades projecting vertically above the’ surface. 

Alisma plantago-aquatica is generally 1:0-1.25'm in 
height and flowers in late June. This community is the 


first to die back, usually by mid-August. Common subordinate 
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species are Sagittaria cuneata, Eleocharis palustris, 
Spargantum echlorocarpum, S. eurycarpum and Potamogeton 
peetinatue™(Table-1T). 

The subordinate vegetation, or lack of it,reflects the 
greater water depth in which these communities are found, 
and the density of the dominants (Table 11). In all cases 
where Alisma plantago-aquatica occurs, there is present in 
the shallower portion of the emergent zone a second emerg- 
ent community dominated by Eleocharis palustris (oxbows #2 
aid nore 

D. Meadow 

Meadow communities are found landward from the emergent 
types. The soils in these communities vary from being 
permanently tro periodically waterlogged. This type of 
community has three layers of vegetation: an upper layer, 
0.75-1L0mdominated by sedges (Carex rostrata and Carex 
atherodes) and/or herbs (Sonchus ultginosus and Acorus cala- 
muse): a middie’ layer; §0:25-0.5*m,"dominated’ mostly by herbs 
and grasses (Seutellarta galertculata, Gallium trifidum, 
Mentha arvensts and Poa palustrts); and a usually poorly 
developed bryoid layer, dominated by Leptodtetym trichopod- 
tum. 

Carex atherodes, C. rostrata and Acorus calamus are the 
dominants in the most common type of meadow community studied 
(Table 11). Gallium trifidum, Calla palustris, Seutellaria 
galericulata, Epilobtum glandulosum, and Bidens cernau are 
common in the middle layer. The two dominants in this 


community type, Carex rostrata and C. atherodes are usually 
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sterile. There is also a great deal of undecomposed. litter 


GUlststine primarily of last year’s growth. 

The Carex-bryoid meadow community is almost identical 
to the previous community type, except for the abundance of 
the bryoid layer of Leptodictyum trichopodtum. Potentilla 
anserina and Geum alleptcum are conspicuous in the drier 
areas. 

The remaining meadow community is dominated by Sonchus 
ultginosus and Acorus calamus (Table 11). This community 
has many grasses scattered about in clumps, often appearing 
as emergents, e.g., Glycerta grandis, Phalaris arundinacea, 
and Beekmannia zyzigachne. The middle layer is dominated 
by Poa palustris, Mentha arvensis, and Eleocharts palustris. 
There 1s no bryoid layer. 

Ee Shrubsand shore st 

Later stages of succession in, oxbows lead.to a series 
of shrub and forest communities which, although they were 
not studied intensively, were examined superficially. 

A shrub community dominated by Saltx spp. and Betula 
pumila var. glandulifera succeeds the meadow communities. 
These shrubs have a cover of only 40-50%, allowing a rich 
understory to develop. There are two understory forb-grass 
layers: a tall forb-grass layer (1.0-1.5 m) of Glycerta 
grandis, Aster conspicuous, Aster foliaceus , and Urtica 
major; and a lower forb-grass layer (0.25-0.75 m) of Stel- 
laria longipes, Sonchus uliginosus, Carex sp., Poa palustris, 
Gallium boreal@», Creuta bulbifera, Caltha palustris, and 


Epilobtum glandulosum. A poorly developed bryoid layer, 
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consisting of Marchantia polymorpha, Leptodtetyum trichopod- 
tum, and Mnium is also present. 

As the willows grow in size, the predominantly meadow 
understory changes to one more typical of forests. These 
Saltx forests are about 10 m in height and have a canopy 
cover of 60-75%. A shrub understory consisting mostly of 
Cornus stolonifera (cover 15-25%) is uote. well developed. 
The herb layer is dominated by Smilacina stellata, Aster 
consptcuous, Gal_tum boreal€y, G. triflorum, Senecio spp., 
Rubus pubescens, Matanthemum canadense, Mitella nuda, 

Urttea major and Pyrola asartfolia. 

This Saltx forest is replaced by a forest dominated 
by Populus balsamtfera. The only forest trees examined had 
a DBH of 20-25 em; a height of 15 m, and a canopy cover of 
60-75%. This forest, like the preceding Salix forest, has 
an understory of shrubs (3-4 m in height) dominated by 
Cornus stolontfera. The herb layer is very sparse and 
consists of Sonehus ultginosus, Anenome canadensis, Potent- 
tlla anserina, Calamagrostis neglecta, Rosa aeteularts and 
Viburnum trtlobum. There is no bryophyte layer. 

IV. successional Patterns 

The successional patterns shown by the plant communities 
in oxbows along the Pembina River are summarized in Fig. 3. 

In quiet stretches, the river contains a number Of 
submergent species, often locally very abundant, e.g... 
Potamogeton pectinatus and P. richardsonii. At the water's 
edge, there are usually a large number of species growing: 


Ranunculus gmelinit, Caltha natans, Hitppurts vulgaris, 
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Figure 3. 


Successional patterns in the oxbow lakes of the 


Pembina River valley. 
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Eleocharis palustris, FE. acieularis, Scirpus mtcrocarpus, 
and occasionally, Typha latifolia and Equisetum fluviatale. 

When an. oxbow lake is cut off from its parent river, it 
has already been quite extensively colonized by pioneers in 
at least two zones (submerged and emergent). 

Succession continues in these two zones simultaneously 
as the oxbow begins to age. In open water. the submerged 
community expands. to areas it was, previously unable to 
colonize because of river.currents, and. becomes denser. At 
the same time, along the lake margins, an emergent community 
begins to spread around the whole lake. This early emergent 
community is composed chiefly of Fleocharis palustrts, Setr- 
pus microcarpus, and Sagittaria cuneata. A third type of 
community may also develop on old mud flats above. the water 
level of the new lake. This is primarily a Saliz shrub 
community with a great deal of Scirpus mtcrocarpus. 

The next stage in succession is marked by the appearance 
of a’new community, which begins to develop in patches in 
the submerged community zone, ¢.e., a floating leaved 
community of either Nuphar variegatum or Potamogeton natans. 
The submerged communities have by this time become greatly 
reduced in complexity. The dominant, Potamogeton pecttinatus;» 
grows in extremely dense communities which virtually exclude 
all. other species. The emergent community has also under- 
gone a considerable change, with Fleocharis palustris being 
completely replaced by Typha latifolta or Equtsetum fluvtatale, 


or, in the deeper parts of the: emergent zone, by Altsma 


plantago-aquatteca. 
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As the oxbow continues to fill with sediment (both organ- 
ic and inorganic), the submerged community is eliminated, 
and a floating leaved community, dominated by Potamogeton 
natans or Nuphar vartegatum, covers the open water. The 
emergent band has also begun to spread in width, and a 
meadow community develops in areas too dry for emergents 
to grow. This meadow community is generally dominated by 
sedges (Carex rostrata and C. atherodes). 

In time, the floating leaved community is eliminated 
and the emergent zone covers what is left of the very shallow 
standing water area. This is replaced by the meadow commun- 
ity, which is in turn, replaced by a shrub community dominated 
by Saltz. This willow shrub community develops into a 
forest community with a typical forest herb and shrub under- 
story. The final stage in this successional sequence observed 
is a forest, dominated by Populus balsamifera. 

Succession in oxbows, especially in the early stages, is 
a two dimensional process. There is both intrazonal success- 
ion occurring in the open water communities and along the 
lake margins, and interzonal succession, in which one commun- 
ity type replaces another in an area with time. During the 
later stages, intrazonal succession ceases once mature 
communities are established in the submerged and emergent 
zones, and interzonal succession takes over. 

The rate of: both “intra Zonal™and anterzone hs ucéces sion 
are very variable, and setbacks are frequent due to periodic 


flooding. This factor and. its effects will be discussed in 


more detail later. 
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V. Standing Crop 


In the communities sampled, all species die back in the 
fall, consequently all shoot growth represents.the, current 
Vear Ss) producti ong 

An examination of the standing crop of the various 
community types (Table 12) reveals that in most communities, 
maximum standing crop occurs in July. The only exceptions 
to this are the emergent communities dominated by Equisetum 
fluvtatale or Typha latifolia which peak in August. 

Mature submerged communities have a standing crop of 
around 200 g/m*, while young submerged communities in newly 
formed oxbows have the lowest standing crop recorded, 30 g/m? 
for two year old oxbow #1, and 76 g/m? for ten. year old 
oxbow #11 (Table 12). Floating leaved communities have a 
slightly higher average standing crop than submerged commun- 
ities (221 g/m*) while emergents had the highest shoot biomass 
(ea. 465 g/m*). Meadow communities have a significantly lower 
standing crop than emergents, on the average about 327 g/m’* 
(including Eleocharis palustris-Beckmannia ayztgachne #2), 
but have a higher standing crop than the submerged or float- 
ing leaved communities. 

A set. of one tailed "t''-tests. (unpaired, with unequal 
variances, (Steel and Torrie 1960)) was. used to compare the 
standing crop of different types of communities occurring in 
a single oxbow. A similar set of tests was also used to 
compare average standing crop of each of the four basic 
community types by pooling the maximum standing crop quadrat 


data for all communities of each community type (the Eleocharis 
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Som 
palustris-Beckmannia ayzigachne #2 was included in the 


meadow communities). The results (Table 12) show that there 
is a significant difference in the standing crops of the 
dirterent types of communities. An example of this 1s 
found in oxbow #8, which has a Potamogeton pectinatus sub- 
merged community, Potamogeton natans and Nuphar variegatum 
floating leaved communities, and Fquisetum fluviatale and 
Eleocharis palustris emergent communities. In July the 
Potamogeton natans and Nuphar vartegatum communities are 
Signiticantly ditferent: in standing crop, at the 95, Meve, 
from the submerged community, and likewise the emergent 
communities are significantly different from the floating 
leaved communities (Fig. 4 and Table 12). 

A comparison of the pooled data for the four basic 
community types shows that the floating leaved communities 
have a significantly higher standing crop than submerged 
communities (at 95%), that the emergents' standing crop 
is significantly higher than the floating leaved Cat, ooo), 
and that meadow communities have a significantly lower 
standing crop than do emergent communities (at 99%). The 
Tesults Gf the t-tests were: 

(1) submerged and floating leaved community 
standing crop, t = 1.6/4 with t" = Too cat 95%; 

(2) floating leaved and emergent community standing 
crop, t = 11.054 with t' = 2.37 at 99%; 

(3) emergent and meadow community standing crop, 


fe 4.962 with t) = 2.59uat 099) 
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Figure 4. 


Maximum standing crop plotted against 


succession. The line connects the means. 
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These results indicate that a general trend in standing 


crop during succession follows this pattern: there is a 
general increase from submerged through floating leaved to 
emergent communities, then a significant drop from the emerg- 
ent to the meadow communities (Fig. 4). 

Daily increment follows a pattern similar to standing 
crop. A maximum rate of 4-6 g/m*/day is found in the emerg- 
ent communities ((Tablei 2). 

VI. Leaf Area Index 

Leaf area indices for the communities sampled in July 
are summarized in Table 12. Submerged communities generally 
had LAI's of about 3 to 4 except for young communities such 
as Potamogeton pectinatus #11 which had an LAI of only 1.7. 
Potamogeton pectinatus #2 had a leaf area of 6.9 m?/m* due 
to a dense growth of Ranunculus ctretnatus as well as 
Potamogeton pecttinatus. 

Floating leaved communities have a leaf area, similar to 
submerged communities, of about 2.5-3.5 for Nuphar vartegatum 
dominated communities, and 3-4 for Potamogeton natans domin- 
ated communities. 

Except for the very dense Alisma plantago-aquatica #2 
community with its vertically projecting leaves, emergent 
communities generally have a LAI very similar to that of 
submerged and floating leaved communities, (3-4). The 
Equisetum fluviatale community in oxbow #8 had a very low 
leaf area of 2.1 because of its very open growth. 

Meadow communities have a LAI in the same range as 


previous community types (Zedee3of, cande4 2.6, efor theyCaxec- 
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Acorus calamus and Sonchus ultgtnosus-Acorus calamus types, 
and 1.3 for the sparser Carex-Bryoid #5, 

There does not appear to be any correlation between LAI 
and succession since leaf area remains around 3-4 for the 
majority of these herbaceous communities. A correlation 
index (Pearson's) calculated between Standing crop and leaf 
area was barely significant at the 95% level (r=0, 4177). 

Vil. ~Ghlorophy.11 

A summary of the chlorophyll data and the correlations 
between chlorophyll and standing crop are Pi venwiim Lab ie 137 
Chlorophyll a and b independently follow a pattern which is 
identical to the pattern of their total; consequently only 
total chlorophyll will be discussed below. 

Emergent communities seem to possess the most chlorophyll, 
(622-2,127 mg/m*), while floating-leaved communities have the 
least (293-797 mg/m*) with submerged (240-916 mg/m?) and 
meadow (542-1,414 mg/m*) in between (Table 13). 

When chlorophyll standing crop is compared to dry 
weight using Pearson's correlation coefficient, the results 
are quite variable. Some communities show a strong correlat- 
ion while similar communities show little or no correlation, 
@.9., among thegemergents correlations vary trom r=@.0¢6 
0 r-0.828. ‘the reason for this®vartabim pty is probably) the 
time of the year at which the samples were taken. During 
August many species had begun to senesce and die back, e.g., 
Potamogeton pectinatus, Alisma plantago-aquatteca and several 
grasses, especially Beckmannta syzigachne. It is the vari- 


ability caused by the senescence of these species that seems 


IAd neswted noisslartos co od os ain a0 ered? 
edt to% A-£ bavots entamer s91s tsol eontke moiee 
nottsforroa A .2ottinummos evososdred seeds to yt otem 
teel bas qoro gnibsste moswted beteluatso” (2!moeteed) xebak 
_cfeppyo=1) fevel #20 off te tascilingie Ylemed esw-seme _ 
[fydqote £H0° av ira si 
enoftsietro> eft bos sisb Liydqorolds eit to ytsemmue A 4° 
.€1 ofdsT ai nevig ‘815 qo1> gmibnsata bas Liyilqotolmdo aoowsod — 
2i dadidw atettsg s wollot yfinebneqoebat 4 bas » bindiagene set | 
vino yitmeupeanoa ;istot ti9sdt to nieditsq ait ot Lsottmebt 
.woled baeevoeth sd tliw Ifyngoroids ingos 
fiydqoroltis tzom edt ees2e20q.03 mese ests inummos 5 diay nile 1% 
edt sve 2oitinummo> bovsol-gaitsoli slidw .(*m\gm TEE, S-SS9) 
bos (*m\pm OL0-08S) beyromdue dtiw (*m\am TOY ECS): sent 
.(éf 9fdsT) neewted ai (*m\gm Sib, 1-882) wobsem — 
ytbh ot betsqnos ei goto gaibaste [fydgotolds ast — 9 
atfiveet oft ,Jnetoitieos noitslerroa 2'noeres§ gnfter tigiew : 
-tslerto> ynorse © wode 2ettinummos emoe .sldsizay otiup 01s 
<toitslorros om to ef33ri wore zeisinummos Neaieiaiaith agi mot ~ 
d80.0=1 mort yrsv enottsferto> etnogrome ot garostss. ee 
edj yIdsdorq ei ytilidsixvey eidd rot noessy sald (888, 0-803 ah 
gnitud .nolst stew zolqns: oft dotdw tm 286y ois Yo amis 
e-B.s oldnd ofb bas oa2ene2 of miged bad estseqe ener 


{stevez bas notinepn-oystanig path Se <c 
Shi eid ef 31 a ct pin 


es "(ESS°0) TEAST $56 O42 2B YUBSTFTUBTS » 
pee ee ee a ee Se eS SS ee ee 
“I ZL°0 OSPeyIyI “8ZZ°0” vIZFZL9 uO Li20 SZ PZELVL Z snsourbijyn snyouog-sniooy 
sisi 0 6GOO0TS6TEL sSph°0S SLIFL¢C9 we Ol 0 SOS ces OT snup1]Do snkooy-xodng 
6S1°0 6LZFLE9 970°0 802*8ZE 6870 “lvl 1es 6 SnuD] DO sndooy-xLadvy 
*1Z8°0 SpvFrZ7rs 2o78 Om Lisi rve ¥608°0O Z8ZFL0E S ptlokig-xatvg 
ee 6S FS8 6f5°O TIIZ+8tr VR2-0 BSC lel on OT p170f2407 vydhy 
¥8EL°0 67272888 2190-0 Lig s91r 2c lro. NCE CLL ST S1azenzod stainyooe 1g 
19Z°0 8624229 Loo 0 mes  P00S OCLMO0 2h IezLcS 8 Stazenzod s1avyooelgY 
9Z0°0 OOTFEL8 CTT’ OO. L6FSS7 ee OLF8EV Z auyoobiehez pv~uuvuyoag 
-s2aysnz0d s1anyo0e74 
¥6SL°0 BeSeSSOT «S90 Om €51759L ¥99Z°O O8TF068 8 ezpyzoi1anizf wnyzasinby 
S6Z°0 9V8FLZTZ OvT'O vOvFt8SOT P3c0 TV e7s0s or S aqyozo1anif wnzasinby 
¥6S2°0 SLIFC9OV xZ6L°0 087602 eSocLe0 L6F0SZ ai sunyDou uoqzabowun40g 
¥8Z8°0 6LZF0LS ¥878°O 8Z1F80Z <c62°0 “VS12S56c 8 supnyzpu uoq,aboun.0g 
¥6L9°0 ee CeLGl ¥86L°0 9ITFS0P C7530) SV ZTE 765 6 unzobariva azpydny 
¥S88°0 pESF96S ~898 0. OSLFIPZ wbVSe0 “607C4SS¢ 8 unzobaer1dva azpnydny 
xZ18°0 SIT#5 62 ¥008°0 WSostcr ¥87Z8°0 S9FZOT i unzobariva apnydny 
1SS°0 LIZec LV ¥9£9°0 98F70Z C8720. LCHEO0e 9 unzpbardpa xzoydny 
¥S5C8°O 9pTF004P ¥062°0 v9F08T ¥£98°0 C8F8IZ ¢ ungobarapa apnydny 
¥9SS°0 OfvpF0c9 CoG 1 SOLELSZ ¥88S°0O LPZFrPrs S unsiowep unz7hydoyouag 
-sn3vu14z0ed uoz,abown4.0g 
06¢°0 L602 90¢°0 9SF60I 99¢°0 OSF0ST 9 snqvuizqzoed uozebown40d 
¥S79°0 S8VF9OT6 4219" 0] LEZFlSr ¥609°0 SLZFS8P Z snzouiqo0ed uo,abown410g 
5! 0° Se =! “i Se aM si (dss "4aM # MOGXO ALINNWNWOD 
d+2 TTAHAOUO THO qd TTIAHAOUO THD 2 TTAHdAOUOTHO 
“6961 ‘}sn8ny Sutinp potdues sotzytunuuwod 10F (,wW/3) JYystTom AIG YIM (JUSTITFFOOD 
UOT}ETSII0D $,UOSieeg) SUOTJETeL1L109 pue (,W/sw) q+o pue *q *o [TAydOIOTYD “ST eT gel 


TEST OT 
OT Sent2 
evirzeas 


OF bsehs 
Bbhecne 

Sava 
HOLSeres 
DEAtELST 


28L2 685 
£O208L 
OgshOs 
f2tlET 

OLLELERS 

airli2oh 
8S F+805 
NS=zeEHE 


KOR+820I 
celt+2ay 


Vezech 
SS L[z0NE 
Tiftsorh 
rI$+aerh 
EVIAINS 


g0s+ace 
ETI+VE0 


PLS+tSlo 


eee 


a 2nottslerto2 ae (m\gn) 6 dtp bas re 2 
eso nua. 


evseeae 
d2eHe! 


VHS ESE 


Eat+BLS 
TSELCOS 
cozSor 
COS+e2e 
KELTseSeE 


K2L+2esS 
Verhes 


Y8AtOS OL 
)§f2Q08 


ovz8éh 
SV LES&E 
OSLecvs 


BSSHVSh 
essr([oe 


ERI+LEE 
O8 £4580 


SASL LHF 


YO 7reag~st aw aH 


OO mu 


ee wens 
Se 


viatautoe! ois 
sitotieet es 


Vv Oo WOH 
re 


Stas ceca 
aumn Spo SMLOD, 


EMBONEH STE BE 


fovel #2e sitt 354 


66. 


to be responsible for the lack of correlation between chloro- 
phyll and standing crop. For example, the two Fleocharis 
palustris communities (#2 and #8) which show very low corre- 
lations, contained significant amounts of Beckmannia BYBL- 
gachne, while #15, which did not, show a high correlation 
Ceerrictent of r=0,738. 

There does not appear to be any relationship between 
leaf area and chlorophyll content (r=0.037). This reflects 
the fact that chlorophyll seems to be generally correlated 
with standing crop which changes with succession, while lear 
areas Ct. 

VIII. Soil and Water Analyses 
A. Water Analyses 

The ionic composition of the water in all of the oxbows 
Vs"rarriy similar. The water is basic with the pi ranging 
from 874"to 8.8 (Table 14). Total alkalinity of most of “the 
lakes ranges from 90-170 ppm, and the closely related total 
hardness from 90-165 ppm. The alkalinity is predominantly 
in the form of bicarbonates. Hardness is due to the presence 
of Ca” and Mg** carbonates, with CaCO; generally accounting 
Por *502/5e0f the total hardness. Sulfate in the majority of 
the lakes varies from 20-30 ppm. 

Oxbows #5 and #11 differ chemically, as do #13, 14 and 
LS *tota lesser extent, from the majority of. the oxbows.* Alka- 
linity and hardness are much higher in oxbows #5 and #11, 
which is reflected in their much higher conductivity values, 
500 and 750 umhos, compared to about 300 umhos for the major- 


ity (Table 14). Oxbow #11 also has a much higher sulfate 
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level, |37-67—ppm. 

Tere > a slightly higher total alkalinity and hardness 
found in. oxbows #13, 14 and 15. This is probably due to the 
lack of natural vegetation around the edges of these oxbows, 
and a consequent increase in the run-off from adjacent fields. 
It may also reflect, in part, the lack of vegetation in these 
oxbows due to repeated flooding which eliminates, or severely 
reduces in size, the plant communities found in them (Oosting 
Te 52). 

Phosphate appears to be present in at least trace amounts 
throughout the growing season. 

B. Soil Analyses 

Ajgreat deal .of variation is shown in the texture of the 
sediments, both within communities and among communities or 
community types. The majority of the sediments appear to be 
Clay loamseor clays, with local variations in silt and ssand 
modifying these to silty or sandy clay loams (Table 15). 

This variation in sediment texture is due to the irregular 
deposition of sediments during periods of flooding in various 
areas in an oxbow. Consequently certain areas are predomin- 
antly sand, while other areas nearby are predominantly silt 
Om Clay; 

Particle size below 2 mm does not appear to greatly 
influence plant distribution, e.g., Potamogeton pectinatus 
seems to grow equally well on clay, clay loam, silty clay 
loam, or sandy clay loam. Typha latifolia, however, seems 
to be relegated. to organic soils. Organic soils do not 


appear to support the growth of submerged or floating leaved 
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communities, e.g., there is no submerged community in oxbow 


F1U0e (lable 15), 

The pH of the sediments is basic and usually ranges from 
ino eo, (ne only sorts showing a significantly different pH 
are found in oxbow #10, whose organic soils have an acidic 
pH (4.4-6.8). 

The base exchange capacity of. the sediments reflect the 
limestone parent material from which the sediments have 
developed. Calcium and Magnesium ions are the most abundant, 
varying from 8-22 meq/100g and 4-10 meq/100g respectively. 
Sodium and potassium are both present, but are much less 
abundant; sodium has a concentration of 0.40 meq/100g, and 
potassium of 0.3-2 meq/100¢g. 

There seems to be an increase in exchangeable cat aH 
heghly organic mineral ‘or organic solls (see Typha’ lartioera 
Hid, lable 15), This appears.<to besa’ result or am aicrease 
in the colloidal material present in the soil. The presence 
of sand appears to lower the Ca exchange capacity of the soil, 
22g.5, I Lguvecoum ; luvvavare #5; Chis TS presumab y due to 
a decrease in the colloidal content of the soil. 

It is not appropriate to make too many generalizations 
on the nature of the sediments in these oxbows, since the 
sediments are constantly changing due to periodic flooding. 
There is one trend, however, that is very evident on examin- 
ation of the soils, ¢.e., an increase in the organic matter 


content of the sediments with age. 
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Discussion 

I, Classification and Ordination 

All classification and ordination techniques are con- 
ceptual tools which should enable an investigator to 
Summarize data clearly and accurately. Classification methods 
attempt to do this by placing the objects studied into classes 
or groups on the basis of common characteristics. Ordinations 
attenpe to position «the “objects in: a system of coordinates 
which will reveal their relations to all the other objects 
studied (Greig-Smith 1964). 

Ordinations are suggested by Greig-Smith (1964) as a 
sound initial procedure for analysing field data, but should 
be abandonned if they prove inappropriate. The ordinations 
COnstructed (Fig. 2) Indicate that this 15 an inappropriate 
technique dv@é tedifferences in community physiognomy and flor- 
wSeLeCs dre: too Predatt. 

Three classificatory schemes were used to group the 
communities: a very simple association table (Table 10) 
using only dominant species as indicators, cluster analysis 
(fabve= o> and’ factor analysis (Table 8). Ihe last two are 
methods for analysing the correlation matrix generated by 
comparing each community to every other community. 

Cluster analysis and factor analysis are closely related; 
the primary difference lies in the mathematical assumptions 
about the entities being analysed. Cluster analysis assumes 
that all. the entities are pure or discrete, and treats each 
entity as a unit mathematically, while factor analysis 


examines the variance of an entity, and may relate the entity 
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to several factors on the basis of the composition of its 
variance (Fruchter 1954). Cluster analysis and factor analysis 
should give identical results in the case of entities which 

are discrete, and each entity appears in only one factor. 
Factor analysis is the more sensitive technique, and is 
especially useful in analysing successional communities since 
the overlapping of species and other community characteristics 
are brought out more clearly. 

The differences between factor analysis and cluster 
analysis (Tables 8 and 9) are mainly due. to the differences in 
the treatment of community variance. The cluster analysis in 
several instances made satellites of distinct community types 
because of similarities in subdominants, while the factor 
analysis identified them as distinct groups, closely related 
to the groups of which they were made satellites by splitt- 
inp whed Tri varvances® 

The classitacation results. indicate thati iverye sample 
communities with one or two overwhelmingly dominant species 
will yield the same groups in a simple association table and 
in factor analysis. 

Greig-Smith (1964) considers ordinataonmar crude factor 
analysis of the’ Q-type., He cites Dagnelie's (1960) compari- 
Son) ots Brayi ands Gurtis? (19157 )eordanation withthe results 
of a factor analysis on the same data, which revealed some 
cumidaritiess betweensaxes ands factorsthe ingithas .tudye the 
results indicate that ordination is an extremely crude 
approximation. The best ordination accounted for 25% of the 


variance in the correlation matrix, while the factor analysis 
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accounted for about 90% (Appendix). Considering that the 


amount of time it would take to analyze field data by computer 
is the same for these techniques, factor analysis would 
appear to be the method of choice, because of the greater 
information content of the results. 

[Tiv*Plant Distribution tand iSuccession 

The nature of the physical and chemical factors which 
control distribution of aquatic macrophytes has been a contro- 
versial subject ever since a systematic investigation of the 
problem was initiated at the turn of the century by Pond (1905). 
The controversy revolves around the role of roots in nutrient 
uptake in submerged plants. Many workers believe that roots 
serve only to anchor aquatic plants, while others maintain 
that they are actively engaged in nutrient uptake. Summaries 
of the conflict and the evidence presented on both sides can 
begfoundsincArber® (1920); Bourne" (1932) ,sandeSculthorpe (1967). 

The efféct*ef this controversy “onrecological studies 
can be seen in the relative emphasis placed on either sub- 
strate or water analysis. Water chemistry has been emphasized 
in many studies (Wilson 1935, Olsen 1950, Swindale and Curtis 
1957, and Spence 1964, 1967); on the other hand Pond (1905), 
Brown! (1911) 2913), ‘Pearsall; (1920,¢1921), Misra (1938) and 
Roelofs (1944) emphasized the substrate. 

Moyle (1945) examined the distribution of aquatics in 
Minnesota and came to the conclusion that water chemistry 
and substrate both influence distribution, but on a different 
scale. Water chemistry appears to be the most important 


factor influencing the general or geographic distribution of 
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aquatic plants, while the substrate affects the distribution 
of species in a particular lake or lakes with similar water 
chemistry. 

Moyle (1945) recognize three classes of water plants on 
the basis of the chemical composition of the waters in which 
they were found: a soft water, a hard water, and an alkali or 
high sulfate flora. The Pembina oxbows have a water chemistry 
very similar to that of Moyle's hard water lakes (total alka- 
linity 90-150 ppm carbonate, sulfate 5-40 ppm, and pH 8.0-8.8, 
(Moyle (1945)) which can be seen in Table 14. Many other 
workers have also recognized groups of aquatic species char- 
acteristic of. certain ranges of water chemistry (Wilson 1935, 
Olsen 1950, Swindale and Curtis. 1957, and Spence 1964, 1967). 

The species characteristic of the Pembina oxbows fall 
ico two broad Categories: hard water species, e.g. -oca— 
mogeton pectinatus, P. richardsonit, P. zostertformis, 
Ceratophyllum demersum, Myriophyllum spp., Sptrodella polyr- 
higa, Ranunculus circinatus and Acorus calamus, and ubiquit- 
ous species, e.g., Potamogeton natans, Lemna minor, L. trt- 
sulca, Polyganum spp., Alisma plantago-aquattica, Typha ltatt- 
folta, Equisetum fluvtatale, and Carex rostrata. 

There appears to be very little correlation between 
plant distribution and substrate texture or chemical composi- 
tion in the lakes examined. Wilson (1941) found that many 
aquatics do not show any marked preference for particular 
substrates and occur abundantly on many types of substrates, 
while others showed a distribution which could be correlated 


with substrate. Of the species common to both Wilson's lakes 
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and the oxbows, the majority are those which have no sub- 


strate preferences: Potamogeton pectinatus, P. rtchardsontt, 
P., natans, and Ceratophyllum demersum. However, Wilson 
found Typha latifolia growing on organic soils. Swindale 
and Curtis (1957) indicate that hard water species are 
generally found on substrates with high Cae content, high 
organic matter, and less sand than soft water floras, which 
are criteria met by most of the sediments in the Pembina 
oxbows (Table 15). 

Other factors have been recognized besides substrate 
and water chemistry,.in.controlling.the distribution of 
aquabicypilants:,.Diminution,of light quantity_and quality due 
totaaeptheis one. such factor (Pearsall. and Hewitt.1933, 
Pearsall and Ullyot 1934, Westlake 1966a). In this study 
chtSedscanOitadsasienificant factor.since, the, majoratyy Ofte the 
oxbows do not have regions deep enough to exclude plant 
establishment and growth. 

Sedimentation is considered to.be a very important 
factor in deeper lakes because the differential settling 
rates: of» various, particle) size. classes. leads to, the, develop- 
ment of distinct zones of sand, silt and clay with increas- 
ing depth (Mortimer 1949, Tadajewski 1966, Frank 1969), 
Oxbows, because of their narrowness and shallowness, show no 
such horizontal banding of sediments; instead a vertical 
stratification is common, since coarse material settles out 
factea thane canes, Mortames” 949), Bllis 1956). 4 Lt is. chs 
vertical, rather than horizontal, St rotated t Ons Olegse dl — 


ments that eliminates any possible correlation between plant 
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disbritubion and substrate character. 


Fluctuating water levels can also effect aquatic macro- 
phyte distribution and succession (Penfound 1953). A‘recent 
study by Walker and Coupland (1968) of sloughs in Saskatchewan 
indicates that water chemistry and water fluctuation are the 
two major factors governing distribution, and that edaphic 
factors are relatively unimportant. Fluctuating water levels 
undoubtedly play a much more important role in oxbows than 
in the generally more stable sloughs. Oxbows, especially 
youngpones ,aaregvery-liablesto floodingeaftersa rainystorm of 
anypconsequence;,. -Durang. the:summer,of.1969, aldwot; the 
young oxbows flooded three times and a large number of the 
intermediate and some old oxbows flooded once or twice. Only 
exbows.#2, 8%; 9: and.10:were-relatively.free,of,ftloodi activity, 
but even these will flood in years with abnormally high water 
(personal communication from local residents). 

The effects of flooding are. two fold: (1) a large-quant- 
ity of suspended material is deposited in the oxbow; (2) the 
light penetration during flooding and immediately after is 
effectively reduced to nil (Secchi disc readings during 
flooding and immediately after were only in the range ox 
teAeen) é 

Silt deposition due to three days of flooding in June 
was. estimated for oxbows #13 and 14, to be 3-4 cm. This was 
enough to completely bury all the submerged vegetation, and 
subsequent flooding in July and August prevented the recolon- 
a vatdonsofethese oxbowse Wrheseffectskor silt deposition on 


auuat@dcaplants,andsits retarding effects on succession have 
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78 
been reported by Edwards (1969) for South African rivers. 


Edwards concludes that the paucity of submerged and floating 
leaved aquatics is due to the frequency of flash floods and 
the resultant silt deposition. Edwards (1969), however, 
maintains that the deposition of silt has one compensation 
for aquatic plants, an increase in the dissolved solids in 
the water. Ellis (1936) was unable to demonstrate such an 
increases forsimilar rivers after floods. 

In intermediate oxbows, flooding does not result in the 
deposition of large silt loads. In these lakes, reduction of 
light, rather than a physical burying of the communities, is 
the major result of flooding.: Light reduction, even after 
flooding ceases, can be quite sever due to the continued 
suspension of fine particles in the water column. Ellis 
(1936), has shown experimentally that after four. days of 
settling enough material remains suspended to reduce light 
to one millionth of surface intensity at 1.5 m (this would 
normally occur at 15 m, see also Edwards 1969). During this 
study, field observations revealed that it takes from six to 
eight days after flooding ceases before the majority of. the 
material in the water has settled (as revealed by near-normal 
Secchi disc readings), and that floods generally last from 
two to three days. Plants, then, which are able to survive 
in these oxbows. must: be able to tolerate low light intensity 
for periods of up to 7-8 days. 

Wilson (1941) recorded the depths and light intensities 
at which species grew in Wisconsin lakes. oHis’ study’ revealed 


that Potamogeton richardsonit, Ceratophyllum demersum, and 
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Najas flexilis could tolerate much lower light conditions than 


Potamogeton pectinatus. This could explain why these shade 
tolerant species are more common in certain oxbows subject to 
Higodin gh, 3, «Sand 12), and why these are common understory 
Species in floating leaved communities (Table 11). Bourne 
(1932) has also shown that Potamogeton pecttnatus cannot sur- 
vive under low light conditions and is consequently eliminated 
from turbid water. 

Bernatowicz (1966) has experimentally demonstrated that 
many emergents are adversely effected by shading. The most 
shade tolerant species in his study was Equisetum limosum. 
The shading produced by flooding may in part explain the 
diversity of emergents found in Pembina oxbows. 

hieldkobservations reveal that fyona atv yol7@ and 
Alisma plantago-aquattca are severely set back or killed by 
submergence for any prolonged period of time. Bedish (1967) 
reports pthat Typha latrvfolta cannot tolerate water beyond 
0.25 m and that its seeds need light to germinate, which does 
not make it a favored species in areas of repeated flooding. 
Before flooding in June, oxbow #15 had communities dominated 
by Alisma plantago-aquatica and Eleocharis palustris (Table 
PEpptatAfter “flooding ‘the permanent water level of the lake 
Wasunaised by 0.75-1.0 m which resulted in the death of the 
Alisma plantago-aquatica, but the Eleocharis palustris con- 
tinued to grow and in August the plants were projecting about 
0.25 m above water. Similar observations have been reported 
for Eleocharis palustris growing along flood aplains= Dy. 
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The information above would Suggest that Typha latifolta 


and Alisma plantago-aquatica should be restricted to stable 
oxbows, and that Equisetum fluviatale (presuming it has as 
high a shade tolerance as the closely related Equtsetum 
Limosum) and Eleocharis palustris would be found in lakes 
subject to periodic flooding. This is generally the situat- 
ion. However, Eleocharis palustrts seems unable to coexist 
with Equisetum fluviatale or Typha latifolia, and is usually 
found associated with Alisma plantago-aquatica, but only in 
the shallower portions of the emergent zone. 

The effects of flooding on standing -crop (canebe jseen 
in Table 12. For example, Nuphar vartegatum communities in 
oxbows #6 and 7 when sampled in July (11) had very similar 
Standing -erops (15% and l64.9/m-)) butetn-Auguse?GhLk), these 
were 158 and 89 g/m* respectively. Oxbow #6 was sampled 
before the August flood, while oxbow #7 was sampled afterwards. 
Flooding ican have much more drastic effects on istanding ‘crop, 
Gvgas LingAugust it completely destroyed) the Aquisetum -f luvia- 
Leareainroxbow #L2 «(Rabie yz)» 

Flooding is generally :considered,to havena strong 
pOSitive effect ompsuccessi ony adue (toyandincrédse ping theysedi - 
mentation rate, jas’ long as 1t 1S’ not etoomsevenesto prevent 
colonization and ecesis (Pearsall 1920, Penfound 1953, Spence 
1967, Thomas and Bromley 1968, and Edwards 1969, inter alia), 
and will also determine which pioneer species can become 
established in a lake. Sedimentation also effects later 
successional stages. Sediments in lakes subject to flooding 


are rich in bases (Table 15), and consequently there is usually 
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a complete decomposition of organic matter (Pearsall LOZ ye 
However, in oxbows with little Llosdingtan@Greanre Sor! 

may develop due to the low level of base rich silts and 
chayismicyg{ fsoxbow #204 ethewbtiid up of organic matter has 
a marked effect on the pH of the substrate, 2igs, “inoxbow 
#10.the soil pH is usually acidic and can be as low as 4-4. 
Misra (1938) has noted that with succession, as long as 
organic matter decomposes, there is no marked change in the 
pH of the substrate (see Table 15). This substrate differ- 
ence correlates with the distribution of Typha latifolta 
(organic soils) and Alisma plantago-aquatica (mineral soils) 
in stable oxbows. 

Although flooding does vast amounts of damage to most 
aquatic communities, it does have beneficial effects; it 
keeps the oxbows full of water and provides a further nutrient 
input. The annual rate of water evaporation from lakes in 
the Westiock region is about 625 mm (Longley 1968), while the 
annual rainfall is only 470-480 mm. Since oxbow lakes have 
basins rarely exceeding the standing water area, there is a 
netewkos S tof) waten of 1135-145 mm yearly...) Actual measurements 
of water levels during the summer (May 24, 1969 to mid Aug.) 
inswoxbows. that? did not floods indicate: a netidoss of G50-400° mn 
of water. 

Floods not only refill these oxbows periodically, but 
in effect rejuvenate them, by temporarily reversing success- 
ional trends (Lippert and Jameson 1964). Succession consequ- 
ently progresses not linearly, but rythmically, with four 


steps forward followed by three steps backward. 
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After the meadow Stage, succession is controlled by the 
height of the permanent water table. Accompanying a gradual 
drop in the water table is a change from a meadow to a shrub 
community (Salix). Old oxbow basins, however, always remain 
wetter than surrounding areas and, consequently, Populus 
balsmifera, not Populus tremuloides dominates the forests in 
these old depressions. 

the mate of jsuccession in oxbow tlakes, is, yen, hard to 
accurately estimate. Oxbows cut off from the Pembina before 
1900 Geommunieatiom from socal. ~resadents),, .acGumests' 54.0 sn Os 
7, and 12, have communities very similar and at the same 
stage of development as oxbows cut off only 10-11 years 
ago.3 ‘engs;) t4<and.¢11.., ;This..reflects an, increase, in, the 
rate of sedimentation due to an increase in flooding since 
1900 or later. Using estimates of sedimentation rates based 
on observations during the summer of 1969 in oxbows not sub- 
ject to severe flooding (1-3 cm/yr on the average). and 
assuming an average depth of 3 m when the oxbow came into 
existence, it would take from 100 to 300 years for an oxbow 
formed before 1900 to fill in completely, z.e., to go from 
an early submerged to the meadow stage in succession (Fig. 3). 
For oxbows cut off 10-11 years ago this would take only 25- 
75 years since they are subject to more severe flooding. 

Cores from willow and poplar forests suggest that it 
takes at least 80-100 years for a mature forest to replace. the 
meadow stage in succession. 

It must be emphasized that the times outlined above are 


mostly based on conjecture and at best indicate the order of 
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magnitude required for major stages in the successional 
Sequence. However, there is good evidence to Suggest at 
least a sixfold increase in the rate in early stages of 
succession since 1900. 

IIlIl .Hydrarch Succession in Alberta 

The successional sequence outlined in Fig. 3 differs 
from all those previously described in the literature on 
Alberta, not in its general trends, but in the species 
composition of the individual communities. 

Raup (1934, 1935) described zonation patterns in a 
variety of northern Alberta lakes, and many of his early stages 
are similar to those found in the Pembina oxbows. Bird (1930, 
1961) outlines a general successional Sequence for Parkland 
zone sloughs which is also very similar, especially in the 
later stages. Bird's sequence does not describe the sub- 
merged communities in any detail, and has no floating leaved 
Stave. 

Early work on aquatic and semi-aquatic plants in Alberta 
by Lewis and co-workers (Lewis and Dowding 1926 and Lewis 
et al. 1928) was continued by Moss (1953). This work is 
summarized by Moss (1955) who outlines a successional scheme 
for lakes in central Alberta: aquatics*Typha-sctrpus> 
Seolochloa-Carex atherodes*Glyceria-Carex spp.*Saltx spp.> 
Populus balsamifera. This scheme has certain similarities 
with that outlined in Fig. 3, but the dominants in early 
stages are different. The differences among the sequences 
described by Raup (1934, 1935), Lewis et Gee Cl9do) and 


Moss (1955) are most likely due to the eftects Of periodic 
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flooding, which has eliminated all species not capable of 
tolerating floods in the Pembina oxbows. 

Recently a number of investigations of aquatic problems 
in Central Alberta have touched on the distribution and flor- 
istic composition of aquatic communities (Bozniak 1966, John- 
Ston 1966, Daborn 1969, and Wheelock 1969). These studies 
reveal that in lakes whose water chemistry is similar to 
that of the oxbows, the same species of aquatic and semi- 
aquatic plants are sometimes found. 

LVa°PrOduetivity 

No attempt was made to measure photosynthetic or 
respiratory rates during this study. However, an estimate 
of net shoot production can be made from the standing crop 
values, since all standing crop represents this year's growth 
and very little is lost to herbivores (Westlake 1965). 
Attempts were made to examine two of the most important 
factors governing productivity: chlorophyll content and 
structure, as reflected by community height, number of photo- 
synthetic layers of vegetation, and leaf area index. 

AVeStanding "Grop 

Data from previous studies of aquatic macrophytes reveal 
that submerged communities generally have a maximum standing 
crop of 175-240 g/m* in the case of Myrtophyllum (Lind and 
Cottam 1969, Forsberg 1959), 129 g/m? for Potamogeton erispus 
(Ikusima 1965), 120 g/m? for Potamogeton pectinatus (Westlake 
1961), 500-700 g/m* for Ceratophyllum demersum (Forsberg 1960), 
and 202 g/m? for submerged plants in Lake Mendota (Wilson 1935). 


The maximum standing crop for submerged communities in this 
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Study was ca. 200 g/m*, which appears to be about average. 


There have been very few measurements of the standing crop 
of floating leaved communities. Bray (1960) records a shoot 
biomass of 110 g/m* for Nymphaea odorata in Minnesota, which 
is considerably lower than the average maximum Standing crop 
of 220 g/m* for floating leaved communities found in these 
oxbows. 

Emergent communities, however, have been thoroughly 
examined by many workers: Penfound (1956) reports 1,527 g/m’, 
Bray.(1960) 1,400 ¢/m?, sandakvet: e6-a2._ (1969), 1,620 ¢/m- 
for Fyphavtlatifolia, »Bray~-(1960) seports _a.standing crop 
of 320 g/m? for Equtsetum fluvtatale, and Westlake (1966b) 
656 g/m? and 673 g/m* for Glycerta grandis. Similar results 
are reported for a number of other emergent communities, 
especially those dominated by Phragmttes communts: Bray et 
eboe (1959): skKrasovsky, (1962)5 Buttery ,and Lamberts (1965)5 
Kvetuctuag i. 401969): Bernatowicz ef al, (1968); cand Pearsall 
and Gorham. (1956). 

The standing crop of the four’types.of emergent commun- 
Pties,cxaminedstall into,the lowererange of- the values 
reported in the literature. The Typha latifolia #10 commun- 
ity has.a standing, crop of only 20-25% of that usually 
reported. This may be because of autotoxic feedback 
(McNaughton 1968) or the presence of an ice lens, since the 
community did not appear very vigorous and never flowered. 
The Equtsetum fluvtatale, Eleocharis palustris and Altsma 
plantago-aquatica all appear to have a standing crop (about 


450-2/m*). lower. than that. for, erass.domanated emergent 


i ke) eee ee 
” af 28 é | 7 
_— geaszeve suas od 03 etaeqqe dokdw .fm\g 00S . 


: 
goto gatbaste o:lt to etusmensenem wot ¥IeV need -oved: ITS 
toode s ebro5e1 peer) oe ,eoitinummo aalaal . 


yinguotodt mood oved ,.tovowod ,2eisinummoo tmegtem@hs «5 , ~~ 
«*m\g TSe.1 estroge (deer) bovotned :etettow yasm yd bontmaxs \ 
Sm\g OS0,f (@d@L) .3n 4s stove bos ,*m\g OOeL (O8CL) yard 


qoxr3 giihnste s etroqe1 (008L) ysTd@ .nsio{sial aadqyul tox 7 
(dddel) sisit2oW bas ,sintniunS{ mstsadaspd rot Sm\g OSE Zo 

etiueot rslimie .stbancy sixsoytD 10% “a\g 239 Bae *m\g 020 | 

,esitiaummos tnegieoms tredilo to tsdmun s tot betroger e78 

+3 WYETH ietsammon sstingerdd vd betsnimob seodt yilstioeges | 

7(200L). gxedmsd bas yrottud 7 (S0eL) ihaheeiesy :(@é2er), Sp 

[isateet bas ;:(800L) .Jn 49 sokwotsnted 7(@0@L) .is $s sey | 

| .(82@L) msdt0d bas 

| 


“MmuMMOS INSgteme 20 eoqyt rvOt edt to qot> gnibasta odT .,. 


2oulsyv oft to ogasy rewol oft otni List beaimexe 2aitt 

~aymmos OL atio{sins pigul odT, .otusstedil odd ai bettoqet 

Yilsuey tsdt to &#eS-08 yiao to qoro gnibnst2 5 esd vite 
Aos dbest 2ixotojus to seusoed od ysm exdT “boatoger o 
| on? | goni2 .emel 920i ns to sonsee7g ot ro (800L aoaiigustgl) a) 
_ betewolt teven brs ayotog iy, \t8v Tseqgs ton bib biaoasie | 
tite base sintexying siapdooal a coindnsyal) mut optus y 
<itaa Fors aatbnsie.© oved of shedqs Ls wodtaupanouete 
aut Tnoatone heseninoh 2aszg to} tert. aed? mewod (Sa 


86. 
communities, but similar to that of the Equtsetum fluviatale 
recorded by Bray (1960). 

Meadow communities have been examined by Bray (1959) who 
reports a standing crop of 480 g/m* and 410 g/m? for Carez 
Lastocarpa and C. Lastocarpa-Calamagrostis canadensis commun- 
ties; respectively. =PrTate( 1967) Téports standine erops Of 
S15, 425, and 400 g/m* for various meadow communities, and 
Jakrlova (1967) gives standing crops of 400-550 g/m? on the 
average, but as low as 250 g/m*, for a number of meadow 
communities subject to flooding. Pearsall and Gorham (1956) 
and Getz (1960) give data for meadows in which Carex rost- 
rata is one of the dominants (420 and 465+121 g/m? respect- 
ively). 

The standing crops of meadow communities in this study 
are slightly lower than the literature values, about 350 


* for sedge dominated communities and about 460 g/m? for 


g/m 
the herbaceous community. 

No actual measurements of root or rhizome standing 
erop were made, but data from the literature’ indicate’ that 
FOOT) SHOOt ratios, “althouchethey fluctuate,” are -rairly 
stable (Westlake 1968, Szczepanski 1969) in aquatic plants. 

Submerged plants generally have a root standing crop 
of 0-10% of the total biomass (Westlake 1963, Edwards and 
Owens 1960). Floating leaved plants have rhizomes that 
account for 50-80% of the total biomass (Nuphar lutea and 
Nuphar pumilum); Altsma plantago-aquatica, Equtsetum fluv- 
tatale and Typha latifolia have roots or rhizomes that 


account for 40%, 40-85% and 40-55% of their total biomasses 
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respectively (Westlake 1968, Fiala et al. 1968). Meadow 
species, e.g., Carex spp. and Acorus calamus have under- 
ground organs that account for 20-60% of the total biomass, 
but generally around 30% (Westlake 1303) 29685 bray. Loos. 
Evodokimova and Grishina 1968). The age of these rhizomes 
has been determined experimentally to be between two and 
three years (Westlake 1968) with an average of just under 
two years. 

Based upon the above studies, root production in 
submerged and Potamogeton natans communities on an annual 
basis is»about 5% of the total biomass. Similarly, for 
floating leaved communities (Nuphar variegatum), emergent 
and meadow communities, there is an annual root production 
which represents approximately 25-40%, 20-40% and 10-30% 
of the biomass respectively. This pattern follows the 
pattern of shoot standing crop, and would increase the 
differences in total biomass between the various success- 
ional stages, jas previously outlined in Fig. 4. The average 
annual production (below- and aboveground) for the summer 
of 1969 would be around 210 g/m* for submerged, 285-600 g/m?* 
for floating leaved, 610-1,380 g/m? for emergents and 425- 
612 g/m* for meadow communities, but more productive commun- 
ities greatly exceed these limits, e.g., Equisetum fluviatale 
#5 and Acorus calamus-Sonechus ultgtnosus #2 having 940-2,120 
g/m? and 560-805 g/m* respectively. 

This increase in annual net production from submerged 
to emergent, and the decrease from emergent to meadow has 


been previously postulated by Penfound (1956) and Westlake (1963) 
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on the basis of fragmentary evidence from a number of studies. 
Bernatowicz et al. (1968) give a series of wet weight measure- 
ments at various depths with a similar pattern, but they did 
not sample meadow communities. 

B. Leaf Area 

Recent interest in leaf area measurement has stimulated 
a review article (Marshall 1968) and a number of compara- 
tive evaluations of technique (Ondok 1968, Jones 1968). 
Ondok (1968) compared a photoelectric planimeter, very 
Similar to the one used in this study, to other methods and 
concluded that the photoelectric planimeter deviated only 
about 1.5% from the standard for large samples. 

Ikusima (1965) reported the LAI of two submerged 
communities: Vallesneria asiatica with 2.3 and Potamogeton 
erispue with 4.2. Kvet et az. (1969) did a detailed study 
of the leaf:-area development in Typha lattfolia and Phrag- 
mitee communie and reported maximum LAI's of ca. 3 and 
6-7 respectively, which occurred in July although both had 
similar standing crops. 

Studies by Golley (1965) on broomsedge reveal that 
maximum leaf area occurs along with maximum standing crop 
in July. Bazzaz and Bliss (unpublished) followed leaf 
area in a deciduous forest understory and found that max- 
imum leaf area occurred in May or June, slightly after 
maximum standing crop had been reached, Jones (1968) 
examined heathiand communities in which leaf area increased 
during periods of active growth and then declined when 


growth ceases, These studies indicate that July leaf area 
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measurements for the oxbow communities represent maximum 
leaf areas, or very close to maximum leaf areas, since the 
majority of the communities had their maximum standing 
crop in July (Table 12). 

Agricultural workers (Donald 1961, Brougham 1963) 
have reported leaf area indices of 3 to 7 and 9 to 12 for 
herbaceous and pasture crops respectively. Chang (1968) 
states that most crops have LAI's of between 2 and 6, but 
that plants with vertical foliage can have much higher leaf 
areas (9 to 12 as in wheat). Similar results have been 
reported by Aruga and Monsi (1963) for natural communities. 

Experimental studies by agricultural workers show that 
several factors influence leaf area: radiation intensity, 
patterns of leaf development and projection, and the dens- 
ity of the community (Watson 1952, Donald 1961, Chang 1968). 

The leaf areas (Table 12) of the communities studied 
were all very similar, about 3 to 4, except for a small 
number of communities that were either poorly developed or 
had vertically projecting leaves, or were unusually dense 
due to the growth of Ranunculus etroetnatus, There seems to 
be no general change in leaf area in these early succession- 
al stages, although this wiil undoubtedly occur once trees 
and shrubs become established (Aruga and Monsi 1963). Leaf 
area per se does not seem to be a primary tactor in deter- 
mining a community's annual production, nor a good estimate 
of standing crop. 

C. Chlorophyll 


The chlorophyll content of the photosynthetic tissue 
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has also been*cited as a key factor controlling productivity 
(Odum 1959, Odum et at. 1958, Aruga and Monsi 1963). Three 
factors must be considered when interpreting tcilorephy11 
data: the amount of chlorophyll per unit arealeitssvertical 
distribution, and the physiological state of the chlorophy 11, 
It is presumed that the bulk of the chlorophyll was active in 
the plants sampled. 

The total chlorophyll of a Nuphar vartegatum community 
is given as 440 mg/m* by Jahnke and Lawrence (1965). Bray 
(1960) gives chlorophyll data for a number of communities in 
a hydrarck successional sequence: Nymphaea odorata, 350 mg/m’; 
Equisetum fluviatale, 960 mg/m*?; Carex lastocarpa, 1,270 mg/m’; 
and Carex lastocarpa-Calamagrostis canadensis, 1,300 mg/m’. 
Bray (1960) also gives data (4,650 mg/m*) for a Typha commun- 
ity.’ Aruga-and = Monsi° (1963) give a" total chlorophyll content 
of 4,090 mg/m* for Phragmites communis. Chlorophyll values 
for periodically inundated meadow communities range from 440- 
22940°ne/ mM Pacbordings tooPifat *(1967)% 

In the present study submerged communities had a chloro- 
phyll content of 240-916 mg/m?, while the floating leaved 
communities had between 300-800 mg/m* (generally about 400 
mg/m?). Equisetum fluviatale had a high chlorophyll content 
of 1,600-2,100 mg/m?, but total chlorophyll was only about 
850 mg/m? for Eleocharis palustris and Typha latifolia. 

The meadow communities have values very similar to those 
reported by Bray (1960) and Pilat (1967), and ranged from 
about 550-1,400 mg/m*. Aruga and Monsi (1963) give chlorophyll 


concentrations of about 1,000-4,000 mg/m* for terrestial herb 
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communities. It would appear that submerged and floating 
leaved communities contain less chlorophyll than terrestial 
communities, but emergent and meadow communities have 
chlorophyll values in the same range as most terrestial 
herbaceous communities. 

The maximum chlorophyll content of a natural community 
normally occurs around the time of maximum standing crop 
in either July or August (Golley 1965, Ovington and Lawrence 
1967) or slightly after the maximum standing crop in under- 
story herbs (Bazzaz and Bliss, unpublished). The August 
chlorophyll content was probably below the maximum standing 
crop, except for the Fquisetum fluvitatale and Typha latt- 
fpotva communities . | Thisi partially accounts: for their 
being lower than the literature values, as does the much 
lowemesitandingrcrops iwi these icommunitiesn 

It has been reported by many workers that there 1s a 
seasonal variation in the amount of chlorophyll per unit 
weight (Brougham 1963, Golley 1965, and Ovington and 
Lawrence 1967). However, there is generally a good corre- 
lation between the standing crop and chlorophyll at any 
one time during the growing season (Bray 1960, Tieszen and 
Johns om 1968. Bliss 1969)... The correlation coefficients 
calculated between standing crop and chlorophyll for Pembina 
oxbow communities show a large range of values, from about 
OF Owato OreGre(rabale: giz) . 

The reasons for the variation between chlorophyll and 
standing crop are probably (1) experimental error (see Bray 


1960 for a discussion of the possible errors in chlorophyll 
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estimation), (2) phenological changes eccurringsinmany fot 
the plants in mid-August, and (3) flooding, which can great- 
ly effect the chlorophyll concentrations (Pilat 1967). Pilat 
(1967) found that the fluctuation of chlorophyll was more 
pronounced than that of dry matter production in communities 
subject to flooding and that a correlation between standing 
crop and chlorophyll existed during normal growth conditions, 
But inotlafterst looding: 

Bray (1960) found a significant difference in the chloro- 
phyll content of various communities in a hydrarch succession- 
al sequence. The data from the oxbow communities seem to 
indicate a definite pattern: submerged communities have more 
chlorophyll than floating leaved communities, which have less 
than emergents, as do the meadow communities. This pattern 
isecumilar, @buUtinotitidenticals tosthatasiound forabiomasser 
The®nain di€ferencesliés* int the factathatytheschicrophyl1 
content of submerged communities is higher than that of 
floating leaved, while the reverse is true of their biomass. 

D. General Discussion 

The lower standing crop, and by extension productivity, 
of submerged and floating leaved communities is due to sev- 
eral factors. The water reflects and absorbs some of the 
incident radiation which could be utilized by aerial plants. 
Since submerged communities and a great part of many floating 
leaved communities are vertically suspended in the water 
column, a large part of the effective biomass will be poorly 
illuminated, and its respiration will depress the net photo- 


synthesis of the community (Westlake 1963). Problems with 
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carbon dioxide and bicarbonate exchange due to slow diffus- 
ion rates in water may also reduce productivity. Flooding 
reduces the productivity not only during periods of high 
Water due—to)shading,. but consequently because of the layer 
of silt and clay deposited on the photsynthetic tissues. 

Emergents, in most respects, have the best of both 
worlds: gaseous exchange of carbon dioxide and direct 
sunlight, plus an adequate supply of water and nutrients 
(Pearsall 1950). This may account for their much greater 
productivity when compared with adjacent submerged and 
meadow communities (Odum 1969). 

Besides these environmental parameters, productivity 
is also greatly influenced by the structure and chlorophyll 
Content,ot)the communityy Leaf area indexscannotebesa 
principal factor which governs production in these commun- 
Ztres; -Since,1 trremains sfairly.cons tanteewhi le ypuoductayaty 
Gansvary threefold. An increase .in the, structure .of 
communities occurs during succession: submerged communities 
have only one layer of photosynthetic tissue, floating leaved 
communities two layers, emergents three, and meadow two or 
three layers, yet there,is,little .chanee.in leat area sindex. 
The depth of the photosynthetic crown of these communities 
also udpeterssssubmerged 20 cm, floating leaved 20 Gil emerng- 
ent .100-150 cm, .and meadow 75-100 cm;,,,Bray (1960), found a 
correlation between an increase in height and chlorophyll 
content which reflected an increase in the structure of the 
Gonmunitnes and salso,its, productivity»,  Phisjesanempattern 


is evident from these data: an increase in height is 
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94. 
accompanied by an increase in chlorophyll and community 
structure. An increase in the productivity of a community 
results, due to this increase in height and Structures 
Since there is a greater chance of the light entering a 
community being intercepted (Saeki and Kuroiwa 1959, Saeki 
1960, Monsi 1960, Jahnke and Lawrence 1965, Tooming 1967, 
thiecer QUia) . 

The inCrease in annual production with succession 
does not appear to a smooth progression, but rather a 
series of steps (Table 12). This stepwise progression is 
Finked to’ ‘the physical changes that’ result in an area as 
a result: Of Succession. The sradual filling in ofthe 
oxbow enables new life forms to become established as the 
water depth decreases. These new life forms are generally 
taller and more massive, since they are able to make more 
efficient use of their environment or because the environ- 
ment has been made less rigourous by previous stages. The 
more efficient’ utilization of minerals, light and CO, 
accompanied by an increase in height, structure, and chloro- 
phyll content enables more energy to be trapped by success- 
ive stages. As a result, the establishment of a new Tite 
form leads to a sudden increase or decrease in annual 
production (Odum 1960). A decrease in production may occur, 
if a new life form invades an area that has become more 
Picorous aS ay result ofthe ACELVLLY Ob PrevioUs=s tapes. 
The meadow community which replaces the emergent community 
in an oxbow is less productive because it does not have the 


ready water and nutrient supply of the emergents and is 
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consequently a less productive life form (Odum 1969). 


That a change in life form rather than an increase in 
species diversity, which follows the same pattern as annual 
DrOcuctsd onteas the primary factor responsible for the step- 
wise increase in annual production accompanying succession 
can be clearly seen by examining the Equisetum fluviatale 
communi taes,in-oxbows;#,'s 54-8) and) 12,(Tabide-+ 14). ands their 
Standingicrops (Table 12). In July these three communities 
had aboveground standing crops of 511, 345 and 430 g/m? 
respectively; however, these communities were quite different 
in their species diversity ca. 17, 32, and 12 species respect- 
ively (see also Golley and Gentry 1965 and Odum 1960). 

An increase in the stability of a community with 
succession appears to be due to an increase in the standing 
crvop,otathe community resulting irom,a.change.in Jafesforms’. 
An increase in the size of the dominants, which enables 
them to store large quantities of energy, allows them to 
survive periods of unfavourable conditions more readily than 
smaller sub-dominants. When a community is subject to 
flooding all of the smaller species are eliminated before 
the dominants. The dominants provide community stability 
during the early stages of succession. Species diversity 
does not reflect community stability, but environmental 


Stability. 
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Summary 
a A’seriés:of-oxbow lakes cut off by the Pembina river 
were examined to determine the successional sequence and 
productivity, as reflected in the standing crops of: the 
various communities. 
a Chemical and physical data were gathered to determine 
their influence on plant establishment, distribution, and 
SueceSsi.0n* 
5. Eleven communities were recognized as a result of 
cluster and factor analysis carried out on the phyto- 
sociological data: three submerged (Potamogeton pectinatus, 
mixed submerged, and Potamogeton pectinatus-Ceratophyllum 
demersum); two floating leaved (Nuphar vartegatum and 
Potamogeton natans); four emergent (Equtsetum fluviatale, 
Eleocharis palustris, Altsma plantago-aquattea, and Typha 
lattfolta); and three meadow (Carex-Acorus calamus, Carex- 
bryoid, and Acorus calamus-Sonchus uligtnosus). 
4, The successional sequence in these oxbows follows one 
basic pattern: Potamogeton pecttnatus, P. zostertformts, 
P. vichardsonit, Ceratophyllum demersum + Potamogeton pect- 
inatus + Nuphar variegatum or Potamogeton natans * Equts- 
etum fluviatale or Alisma plantago-aquattica and Eleocharis 
palustris or Typha latifolia > Carex meadows > Salita shrub + 
Populus balsamnifera. 
St The maximum aboveground standing crop of communities 
follows a definite pattern with succession: from submerged 
(ea. 200 g/m?), through floating leaved (eq. 20S e7 mys LO 


the emergent community (ea. 465 g/m?) there is a stepwise 
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OG. 
increase in annual production, which declines in the meadow 


community (eg, 325 .¢/m-).. 

Gn LAI does not change during the early stages of success- 
ion: all four community types studied had LAI's of 3 to 4. 
be Total chlorophyll per unit area follows a pattern very 
Similar to standing crop, except that submerged communities 
(240-916 mg/m?) contain more chlorophyll than floating 
leaved (293-797 mg/m?). Emergents contain the most chloro- 
phyll (622-2,127 mg/m*), while meadow communities show a 
drop (542-1,414 mg/m*) when compared with emergents. 

8. Water chemistry and water level fluctuations, due to 
repeated flooding, appear to be the major factors controll- 
ing plant establishment, distrabution,. and=succession,. 

Water level fluctuation is the most important single factor, 
and controls’ the species composition of nearly all the early 
successional stages. Flooding also controls the rate of 
Succession, since this is very much a function of Ssedament— 
ation rates, by increasing the rate of sediment deposition. 
Flooding may also retard succession by the wholesale dis- 
truction of-communities. 

OF Thee ditrerence,1n standing scropywand. > exXtens 10n, 
productivity, of these successional stages appears to be the 
result of a combination of physical and physiognomic factors. 
Differences in light intensity, rates of carbon dioxide 
diffusion, and nutrient availability are responsible for 

the major differences between the productivity of aquatic 
(submerged and floating leaved) communities and semi-aquatic 


(emergent and meadow) communities. Productivity 1s also 
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affected by the height of the plant community and its 
Structure. The taller a plant community, the greater the 
number of layers of photosynthetically active tissue, and 
the higher the probability of light being intercepted and 
utilized: ORhesunit dreaibasis. Structure and height. of 
the communities examined correlate very well with their 
productivities; but LAl per se does not, indicating that 
structure is more important than the total photosynthetic 
area possessed by the plant community in determing its 


annual production. 
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Appendix. Communalities of the Quartimax rotation presented 
in Table 8. The communalities are equal to the 
proportion of the variation of each community 
involved in the factor patterns. 


Community Oxbow # Communality 


Potamogeton pectinatus 2 0.943 
Potamogeton pectinatus 4 0299 0 
Potamogeton pecttnatus 6 OS985 
Potamogeton pectinatus i, On .01) 
Potamogeton pectinatus 8 0.990 
Potamogeton pectinatus et Ono os 
mixed submerged if 5-827 
mixed submerged 5 Ooms 
mixed submerged ite 0.840 
Potamogeton pectinatus- 

Ceratophyllum demersum 5 On 219 
Nuphar vartegatum 3 02990 
Nuphar vartegatum 6 0.994 
Nuphar vartegatum i 0.994 
Nuphar vartegatum 8 ee Sheile 
Nuphar vartegatum 9 Om2'39 
Potamogeton natans 4 Oe 
Potamogeton natans 8 Om Sie 
Potamogeton natans 1 OR 
Equisetum fluviatale 5 0.896 
Equisetum fluvtatale 8 0.948 
Equisetum fluvtatale Ih O97 1 
Eleocharis palustris- 

Beckmannta syatgachne 2 0.806 
Eleocharis palustris 8 Oreoio 
Eleocharis palustris 15 07.9'51. 
Typha ltatifolta 10 0.560 
Alisma plantago-aquatiea 2 0.989 
Alisma plantago-aquattca 15 0.986 
Carex-Acorus calamus 9 0.898 
Carex-Acorus calamus 10 0.748 
Carex-Bryoid 5 OF 5.60 


Acorus calamus-Sonchus uliginosus 2 0.748 
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Appendix B. The length and surface area of the fifteen intensively 
studied oxbow lakes based’ on a map of the study area 


Eee by the Division of Water Resources (scale 
Ges ne) 


Oxbow # Length (km) Area (ha) 
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Appendix C. All species which appeared in the communities in- 
tensively studied with an average cover of less than 
0.5% over the summer and all the species found 
along the banks in the Pembina River in the study 
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ppéecies 


Chara-sp. 

Nuptans vartegatum 
Potamogethon natans 
Potamogeton pecttnatus 
Potamogeton richardsontit 
Sagittaria cuneata 


Chara sp. 

CLadopnora sp. 
Myrtophyllum exalbescens 
Nagae- flextitise 
Potamogeton richardsonit 
Sagtttarta cuneata 
Spargantum spp. 


Acorus calamus 

Altsma plantago-aguattca 
Alopecurus aequalts 
Beckmannta syz2tgachne 
Bidens cernua 
Calamagrostts canadensts 
Caltha natans 

Carex atherodes 

Carex Yretvrorsa 

Carex, rosvrava 

Carex Servera 

Carex sychnocephala 
Ceratophyllum demersum 
CteuLta VuULory erd 

Cieuta douglasitr 
Eleocharts actcularts 
Eleocharis engelmanntt 
Eleocharis palustris 
Epttltobium glandulosum 
Erysimum cheiranthotdes 
Galtum triftdum 

Geum allepteum 

Glycerta grandis 
Hippuris vulgarts 


Community and Oxbow! 


Submerged 


PP6, PP1l 
MS3, PP8 
PPS 

R 

R 

PP1l 


Floating Leaved3 


PN8 

PN8, PN12 

PN4, PN8, PN12 
NV3, NV7 

PN8 

PN8, NV9 

PN8, NV6 

4 


Rmergents 


TL10 
EF8, EP8, TL10 


EF5, EF8, EF12 
EP2, EP15 


EF8, EP8, EP2, TL10 
EP2, TL10, APA2 


EF8, EP2 
EF5, EF1l2, EP8 
EF8, TL1O 


EF8, APA15, RB 

EF8, TLIO 

APAL5 

EP2 

EP8, EP2 

EF5, EF8, EP8, TL1O 
TL10, RB 
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RoOpendix 6. “Continued... 

Species Community and Oxbow 
Hordeum jubatum ERO, EP2 

JUNCUS Spp. RB 

Mentha arvensts EF5, EF8, EP8, TL10 

Myrtophyllum exalbescens EF8. EP8 

Phalarts arundinaceae EFS, EP? 

PLlantago major EF8, EP2 

POG paluctrre ae EP8, TL10 

Polygonum (amphtibtum?) Hees BPO, BP2., APAIS 
Potamogeton natans EP3- 1 i 
Potamogeton pectinatus EPO, APA2 
Potamogeton richardsonit HPS 

Ranunculus (sdl) UAL Semen eso eeeMGaln) 

Ranunculus etretnatus ES. DEO, RB 

Ranunculus gmelinitr RB 

Sagittaria cuneata MMS Bory LE iAey eG syed he 

oe spp. EP2;, (Ths. 0kB 
CLtrpus meerocarpus RB 

Setrpus validus EPG Goh oh ae 
Seurevlartasealerniceulata Abie) 

Stum suave DIO 

Sonchus ultginosus EPO, EPO, Bez 

Spargantum spp. ERS, EPG. EP2; PeLOy Pais 

Stachys palustris BPO, BED? .) EP2 

Stellarta longtpes EPL2, EPO, APALS 

Taraxacum offtetnale EF8, EP15— 
UDeLeuLarta BS. Bee. LULO 

Meadow? 

Alisma plantago-aquattica AS2 

Arabts htsuta CALO 

Beckmannta syatgachne AS2 

Bidens cernua CA10 

Brachythectum saltbrosum CA9, CB5 

Bryum sp. CA9, CB5 

Calamagrostis canadensis CA1O 

Carex stipata ASe 

Caren etr7er[d ASe 

Carex synocephala ASe2 

Cieuta bulbifera CA9 

Cieuta douglassit Ase 

Cirsium spp. CB5, ASe 

Epitobium glandulosum CA1O, AS2 

Equisetum fluviatate CHS, CAO, CBS, ise 

Geum alleptcum CB5 

Glyceria grandis ASe 

Leptodtetyum trichopodtum CAO. CBS 

Marchantia polymorpha CALO, CB5 

Mentha awensts CAS 

Mntum cusptdatum CB5 

Petasttes saggttatus CA9, CB5 

Pholta mutans CAD, UBS 

Polygonum coccineum CA9, CBS, Ase 


Potenttlla ansertna CB5 
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ApopenoIx C, “continued, .. 


SoecLes 


Ranuneutus (sdtl) 

Ruméx sp. 

Sabte-spp- 

Seutellarrva galericulata 
Stum suave 

Sonehus ultginosus 
Stachys palustris 
Stellarta longtpes 
Tanecetum vulgare 

Typha tavifotia 


lis 


Community and Oxbow 


CNG. Cnlis Hee 

AS2 

AS2 

CB5 

CNT OBS Se 

CB5 

AS2 

CAO NCLIO., (Cpais 
CB5 

CA9 


COMmmunase emer OXDOW are represented by an vabbmeviation of The 


Conny .meame Pollowed by the number of “jhe Oxbow im which 1% 


1 
ase Amal bh glels 
ec pp - Potamogeton pectinatus 
Moa mixed submerged 
Frise Tamer 
SP yes Potamogeton natans 


NU - Nuphar vartegatum 


1 EF - Eouisetum fluviatate 
EP - Eleocharis palustris 
APA - Alisma plantago - aguatica 


i — 0ypra larry olea 
RB - river bank 


> Ca - Carex - Acorus calamus 


CBee. Canes. =. Bryoid 
AS - Aeorus calamus - 


Sonchus ultgtinorus 


wD 
fas 
19°) 


sda pe A 


aan 
‘OAL 


sfy to aobteivordds. ts yd beunsastqet ots wos, Bam 
4t iicktiw mt wed: sat To tsdmun ant Ye bevel nae omen | 


awrovitesg NotsSgomete 
Bog ceatins. a Bs 


anbd Hix Kors} BON 
Mist HQshepy 4 


sinsnsunly sites 
sixtasiog nage 
polrspweoe -— sparasiq sms 


ee 
ad 2 


“> 
symolins BxVook = 2 
bhoysd - 
ewiontgiis sishone 40 simsaey 


LIA; 


Appendix Di wspeeliesr found in the Saizaz shrub, Saltz forest and 
Populus balsamtfera forest. 


Species Community+ 
AchiLLed Stbirica Dos ol 
Agropyron repens SSSA md sal 
Anemone canadensis PB 

Aster sp. SS 

Aster ctltolatus poy ol 
Aster foltaceus SF 

Betula pumila Sts) 
Calamagrostts canadensis Diy 2B 
Calamagrostis tnexpansa SS 

Caltha paluetrie Source 
Carex rostrata Ss 

Caren eimuLatat?) ss 

Caren stipara SF 

Cirsium arvense So. 2s 
Cornus canadensts SF 

Cornus svolontfera S85. 058 2 68 
Crepts teetarum Ss 
Eptlobium glandulosum Sis) 
Eguisetum fluvitatale ss 
EHgutsetum pratense Suey deta) 
Geum alleptcum ss 

Galtum boreale Sono 
Galium trtftdum Ss 

Gatbum tr7if Lorum pit, 6b 
Glycerta grandis | SS 
Lathyrus ochratleucus Sieh ale: 
Marchantta polymorpha Ss 
Matanthemum canadense SROs G. alat: 
Mentha arvensis SS 
Menyanthes trifoltiata SS 

Mitellu nuda Si 
Parnassta palustrus SS 
Petasites sagittatus SIS) 

Poa palustris SS, SF 
Populus balsamifera (sdl) SF 

Populus balsamifera PB 

Populus tremuloides (sdl) SF 
Potentilla anserina PB 
Ranunculus spp. oF, PB 
Ribes oxyacanthotdes SS, SF, PB 
Rosa acitcularts Suto Ae) 
Rumex sp. 88 

Salix spp. SS, SF, PB 
Seutellaria galericulata SS elt 
Senecto spp. Sr, PB 
Smilacina stellata pH, PB 
Sonchus arvensts SS, PB 


Stellarta longtpes SS 
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A@pendix sD. wontinued.. 


Species Community 
Taraxacum offtetnale SF 

Urtieca major Do oe 
Viburnum trtlobum So, ols 6B 
Vieta amertcana PB 


1 8S - Salix shrub 
pr = 6al72 Toresy 
PB — Poputus baleamifera 
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Appendix EH. Formula used to calculate the percentage of the 
variation accounted for by an ordination when 


compared with the calculated dissimilarities 
between community pairs 


eee 


E dij 
X=— x 100 
BEng 


Where = = percent Of the varieavion accounted for by the erddnapuen: 


dij = the distance between any two communities i and j on the 
ordination diagram in the same units as the calculated 
CSS LMde aie es : 


Dij = the calculated dissimilarities between communities 2 
eniGy in. 
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